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Production 

This document type contains the general features and/or specifications of a product 
in development or in production. Additional information is usually available in a sepa- 
rate document, not contained in this book, such as a Designer’s Guide. 

Data Sheet 
(Preliminary) 

Sampling or 
Pre-Production 
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in pre-production. Additional and/or refined characteristic data will be released in 
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Data Sheet 

Production 

This document type contains final specification information resulting from measured 
characteristics. This document type is subject to revision if characteristics are further 
refined during production. 

Product Description 

Production 

This document type contains final specification information resulting from measured 
characteristics along with additional application aid information. This document type 
is subject to revision if characteristics are further refined during production. 

Application Note 

Development or 
Production 

This document type contains application aids in the use of the subject product. Sche- 
matics included in an application note are intended to convey system design concept 
only. 


NOTICE 

Information furnished by Rockwell International Corporation is believed to be accurate and reliable. However, no responsibility is assumed by 
Rockwell International for its use, nor any infringement of patents or other rights of third parties which may result from its use. No license is 
granted by implication or otherwise under any patent or patent rights of Rockwell International other than for circuitry embodied in a Rockwell 
product. Rockwell International reserves the right to change circuitry at any time without notice. All document in this book are subject to 
change without notice. 
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CONTROLLER PRODUCTS 
Providing Solutions for Your VLSI Requirements 


Rockwell International designs and manufactures a family 
of VLSI products to serve your system requirements. As 
shown in the diagram below, compatible controller products 
are available for a wide range of 16-bit and 8-bit applications. 
Peripheral devices operate on either the 68000 or the 6500 
microprocessor bus structure. Many of the peripheral devices 
are now being used on additional bus structures such as 
8085, 80286 and Z80, just to name a few. 

The product line utilizing the R6502 processor, recognized 
world-wide for its high performance, was recently improved by 
redesigning it in a CMOS process. Enhancements include a 
200% improvement in speed and a 20 times reduction in 
power dissipation. 


These products are produced in high volume at a modern 
state-of-the-art facility located in Newport Beach, California, 
and are packaged in a newly constructed, fully automated 
manufacturing facility in Mexicali, Mexico. The class 10,000 
clean room environment produces devices to the most strin- 
gent industry standards. Rockwell has the organization, sys- 
tems and support to manufacture products to existing and 
future quality levels. 

In fact, Rockwell is the first and only semiconductor com- 
pany to offer a 5 year warranty. You can rely on customer 
satisfaction and service when choosing a Rockwell semi- 
conductor product. 
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CMOS 8-Bit Microprocessors & Peripherals 
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CMOS 8-bit Microprocessors & Peripherais 
Fastest Executing — Low Power 


There is no CMOS microprocessor family easier to imple- 
ment than the R65CXX. It is the fastest instruction executing 
8-bit family available. It’s software compatible with a family of 
single-chip microcomputers and has three powerful CPUs and 
peripherals for parallel and serial I/O, 

In the 8-bit range, nothing gives faster instruction execution 
(500 ijls ) with most parts available in 1 , 2, 3 and 4 MHz ver- 
sions. Thirteen address modes provide the most efficient 
ways of addressing memory. R65CXX peripherals are system 
oriented, designed to implement systems with minimum 
device count. 


Because of its inherent characteristics, advanced Rockwell 
CMOS provides low power consumption, high noise immunity 
and high speed operation. Its 2 MHz CPU dissipates only 
40 mW (compared to 800 mW in NMOS) and requires only 
10 mA standby current. Instruction memory requirements are 
20% less due to added bit manipulation features. 

The entire 8-bit R65CXX family is upward compatible with 
the 16-bit 68000 bus, software compatible with Rockwell’s 
8-bit microcomputers, and are the building blocks for a wide 
range of system applications. It’s one of the world’s highest 
performing and lowest cost microprocessors. 
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R65C02 • R65C102 • R65C112 


Rockwell 


R65C02, R65C102 and R65C112 
R65C00 Microprocessors (CPU) 


DESCRIPTION 

The 8-bit R65C00 microprocessor family of devices are produced 
using CMOS silicon gate technology which provides advanced sys- 
tem architecture for performance speed and system cost- 
effectiveness enhancements over their NMOS counterparts, the 
R6500 family of microprocessor devices. 

Three CPU devices are available. All are software-compatible and 
provide 64K bytes of memory addressing, two interrupt inputs, and 
on-chip clock oscillators and/or drivers. All are bus-compatible with 
the NMOS R6500 family devices. 

The CMOS family includes two microprocessors (R65C02 and 
R65C102) with on-board clock oscillators and drivers and one 
microprocessor (R65C1 1 2) driven by an external clock. The on-chip 
clock versions are aimed at high performance, low-cost applications 
where single phase inputs, crystal or RC inputs provide the time 
base. The slave processor version is geared for multiprocessor sys- 
tem applications where maximum timing control is mandatory. All 
R65C00 microprocessors are available in ceramic and plastic pack- 
aging, operating frequency of 1 MHz, 2 MHz, 3 MHz and 4 MHz, and 
commercial and industrial temperature versions. All three devices 
are available in 40-pin DIP or 44-pin PLCC packages. 


MAJOR FEATURES AND DIFFERENCES 


Feature 

R65C02 

R65C102 

R65C112 

Pin compatible with NMOS R6502 

64K addressable bytes of memory 

X 

X 

X 

X 

IRQ interrupt 

X 

X 

X 

On-chip clock oscillator 

External clock only 

X 

X 

X 

TTL level single phase clock input 

X 

X 


RC time base clock input 

X 

X 


Crystal time base clock input 

X 

X 


Single phase clock input 

Two phase output clock 

X 

X 

X 

SYNC and RDY signals 

X 

X 

X 

Bus Enable (BE) signal 


X 

X 

Memory Lock (ML) output signal 


X 

X 

Direct Memory Access (DMA) capacity 


X 

X 

NMI interrupt signal 

X 

X 

X 


FEATURES 

• CMOS silicon gate technology 

• Low Power (4 mA/MHz) 

• Software compatible with R6502 

• Single 5V ± 5% power supply requirements 

• Eight-bit parallel processing 

• Decimal and binary arithmetic 

• True indexing capability 

• Programmable stack pointer 

• Interrupt capability 

• Non-maskable interrupt 

• Eight-bit bidirectional data bus 

• Memory address range of up to 64K bytes 

• “Ready” input 

• Direct memory access (DMA) capability 

• Memory lock output 

• 1 MHz, 2 MHz, 3 MHz, and 4 MHz versions 

• Choice of external or on-chip clocks 

• On-chip clock options 
—External single clock input 
—Direct crystal input ( 4) 

® Commercial and Industrial temperature versions 

• Pipeline architecture 

• Slave processor version (R65C1 1 2) 

ORDERING INFORMATION 


Part Number: 

R65C02 

R65C102__ 

R65C112 


-Temp. Range (TLto Th) 

Blank = 0°Cto -r-70°C 
E = -40°Cto +85°C 
M = -55°Cto125°C 

-Frequency Range 

1 = 1 MHz 

2 = 2 MHz 

3 = 3MHz 

4 = 4MHz 
-Package 

C = 40-Pin Ceramic DIP 
P = 40-Pin Plastic DIP 
j = 44-Pin Plastic Leaded Chip 
Carrier (PLCC) 


Document No. 29651 N52 


Product Description 


Order No. 2149 
Rev. 6, June 1987 
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R65C02, R65C102, R65C112 


R65C00 Microprocessors (CPU) 


INTERFACE SIGNALS 

Figure 1 shows the pin assignments for the members of the 
R65C00 CPU family. All devices are housed in 40-pin ceramic 
or plastic dual-in-line (DIP) or 44-pin plastic leaded chip carrier 
(PLCC) packages. 

Refer to the timing diagrams (Figures 3, 4, and 5) for the partic- 
ular device in the following discussion. 

CLOCK SIGNALS (R65C02) 

The R65C02 requires an external 00 clock. See Figure 6 for an 
example clock circuit. 00 is a TTL level input that is used to 
generate the internal clocks of the R65C02. Two full level out- 
put clocks are generated by the R65C02. The 02 clock is in 
phase with 00. The 01 clock output is 180° out of phase with 
00. When the input clock is stopped, the CPU is in the standby 
mode. See Figure 8 for special standby mode considerations. 

For non-critical timing configurations, a simple RC or crystal net- 
work may be strapped between 00 (IN) and 01 (OUT). 

CLOCK SIGNALS (R65C102) 

The R65C102 internal clocks may be generated by a TTL level 
single phase input, an RC time base input, or a crystal time base 
input (-h 4) using the XTLO and XTLI input pins. See Figure 7 
for an example of a crystal time base circuit. Two full level out- 
put clocks are generated by the ^65C1 02. The 02 clock output 
provides timing for external R/W operations. Addresses are 
valid after the address delay time (tAos) referenced to the fall- 
ing edge of 02 (OUT). The 04 output is a quadrature output clock 
that is delayed from the falling edge of the 02 clock by delay 
time tAvs- Using the 04 clock, addresses are valid at the rising 
edge of 04. 

CLOCK SIGNALS (R65C112) 

All internal clock signals for the R65C1 12 are generated by the 
input clock signal 02 (IN). Since this device is intended to be 
operated in the slave mode it does not have internal clock gener- 
ation, but rather requires the external clock 02 (IN) from a host 
device. Figure 7 shows an example of a clock circuit for the 
R65C112 configured for slave mode. 

ADDRESS BUS (A0-A15) 

Address lines A0-A15 form a 16-bit address bus for memory and 
I/O exchanges on the data bus. The output of each address line 
is TTL compatible, capable of driving one standard TTL load 
and 130 pF. 

DATA BUS (D0-D7) 

The data lines (D0-D7) constitute an 8-bit bidirectional data bus 
used for data exchanges to and from the device and peripherals. 
The outputs are tri-state buffers capable of driving one TTL load 
and 130 pF. 

BUS ENABLE (BE) 

This signal allows e)^rnal control of the data and the address 
output buffers and R/W. For normal operation, BE is high causing 
the address buffers and R/W to be active and the data buffers 
to be active during a write cycle. For external control, BE is held 
low to disable the buffers. BE is an asynchronous signal and 


therefore not related to, or controlled by the CPU internaj_clock 
signals. Figure 5 shows timing relationships of BE to R/W and 
address output buffers. 

INTERRUPT REQUEST (IM) 

This TTL compatible input reques ts th at an interrupt sequence 
begin within the microprocessor. IRQ is sampled at the falling 
edge of 02 prior to the last cycle of the instruction; if the inter- 
rupt flag in the processor status register is zero, the current 
instruction is completed and the interrupt sequence begins dur- 
ing 01. The program counter and processor status register are 
stored in the stack. The microprocess or wi ll then set the inter- 
rupt mask flag high so that no further IRQs may occur. At the 
end of this cycle, the program counter low byte will be loaded 
from address FFFE, and program counter high byte from loca- 
tion FFFF, thus transferring program control to the memory 
vector located at these addresses. The RDY signal must be in 
the high state for any interrupt to be recognized. A 3K ohm 
external resistor should be used for proper wire OR operation. 

MEMORY LOCK (ML) 

In a multiprocessor system, the ML output indicates the need 
to defer the rearbitration of the next bus ^le to ensure the 
integrity of read-modify-write instructions. ML goes low during 
ASL, DEC, INC, LSR, ROL, ROR, RMB, SMB, TRB, TSB 
memory referencing instructions. This signal is low for the modify 
and write cycles. 

NON-MASKABLE INTERRUPT (NMT) 

A negative-going edge on this input requests that a non- 
maskable interrupt seq uence be generated within the 
microprocessor. The NMI is sampled during 02; the current 
instruction is completed and the interrupt sequence begins 
during 01. The program counter is loaded with the interrupt 
vector from locations FFFA (low byte) and FFFB (high byte), 
thereby transferring program control to the non-maskable inter- 
rupt routine. 

NOTE 

Since this interrupt is non-maskable, another NMI can 
occur befor e the first is finished. Care should be taken 
when using NMI to avoid this. 

READY (RDY) 

This input allows the user to single-cycle the microprocessor on 
all cycles including write cycles. A negative transition to the low 
state, during or coincident with 02, will halt the microprocessor 
with the output address lines reflecting the current address. This 
condition will remain through a subsequent 02 in which the RDY 
signal is low. This feature allows microprocessor interfacing with 
low-speed memory as well as direct memory access (DMA). 

READ/WRITE (R/W) 

This signal is normally in the high state indicating that the 
microprocessor is reading data from memory or I/O bus. In the 
low state the data bus has valid data from the microprocessor 
to be stored at the addressed memory location. 

SET OVERFLOW (SO) 

A negative transition on this line sets the overflow bit (V) in the 
processor status register. The signal is sampled prior to the rising 
edge of 02 by the SO setup time (tsos)- 
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R65C00 Microprocessors (CPU) 


RESET (RES) 

This input resets the microprocessor. Reset must be held low for 
at least two clock cycles after Vcc reaches operating voltage from 
a power down. A positive transition on this pin will then cause an 
initialization sequence to begin. Likewise, after the system has been 
operating, a low on this line of at least two cycles will cease 
micropr ocess ing activity, followed by initialization after the positive 
edge on RES. 

When a positive edge is detected, there is an initialization sequence 
lasting seven clock cycles. Then the interrupt mask flag is set, the 
decimal mode is cleared, and the program counter Is loaded with 
the restart vector from locations FFFC (low byte) and FFFD (high 
byte). This is the start location for program control. This input should 
be high in normal operation. 

SYNCHRONIZE (SYNC) 

This output line identifies those cycles during which the micro- 
processor is fetching the instruction operation code (OP CODE). 
The SYNC line goes high during 01 of an OP CODE fetch and stays 
high for the remainder of that cycle. If the RDY line is pulled low dur- 
ing the clock cycle in which SYNC went high, the processor will stop 
in its current state and will remain in the state until the RDY line goes 
high. In this manner, the SYNC signal can be used to control RDY 
to cause single instruction execution. 

FUNCTIONAL DESCRIPTION 

Figure 2 shows the block diagram of the R65C00 CPU internal archi- 
tecture for all three devices. With the exception of the crystal 
oscillator, clock signals. Memory Lock (ML), and Bus Enable (BE) 
signals, the internal architecture of the three members of the 
R65C00 CPU of devices is identical. This block diagram supports 
the following text that describes the function of each of the device’s 
major elements. 

CRYSTAL OSCILLATOR (R65C102 Only) 

The crystal oscillator, driven by a crystal across XTLO and XTLI, 
divides the crystal frequency by four to provide the basic 02 clock 
signal that drives the internal clock generator. 

CLOCK GENERATOR 

The clock generator develops all Internal clock signals, and (where 
applicable) external clock signals, associated with the device. It is 
the clock generator that drives the timing control unit and the 
external timing for slave mode operations. 

TIMING CONTROL 

The timing control unit keeps track of the instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch is 
executed and is advanced at the beginning of each phase one clock 
pulse for as many cycles as is required to complete the instruction. 
Each data transfer which takes place between the registers 
depends upon decoding the contents of both the instruction register 
and the timing control unit. 

PROGRAM COUNTER 

The 1 6-bit program counter provides the addresses which step the 
microprocessor through sequential instructions in a program. 
Each time the microprocessor fetches an instruction from program 
memory, the lower byte of the program counter (PCL) is placed on 
the low-order bits of the address bus and the higher byte of the 


program counter (PCH) is placed on the high-order 8 bits. The 
counter is incremented each time an instruction or data is fetched 
from program memory. 

INSTRUCTION REGISTER AND DECODE 

Instructions fetched from memory are gated onto the internal data 
bus. These instructions are latched into the instruction register, then 
decoded, along with timing and interrupt signals, to generate con- 
trol signals for the various registers. 

ARITHMETIC AND LOGIC UNIT (ALU) 

All arithmetic and logic operations take place in the ALU including 
incrementing and decrementing internal registers (except the pro- 
gram counter). The ALU has no internal memory and is used only 
to perform logical and transient numerical operations. 

ACCUMULATOR 

The accumulator is a general purpose 8-bit register that stores the 
results of most arithmetic and logic operations, and in addition, the 
accumulator usually contains one of the two data words used in 
these operations. 

INDEX REGISTERS 

There are two 8-bit index registers (X and Y), which may be used 
to count program steps or to provide an index value to be used in 
generating an effective address. 

When executing an instruction which specifies indexed address- 
ing, the CPU fetches the op code and the base address, and 
modifies the address by adding the index register to it prior to per- 
forming the desired operation. Pre- or post-indexing of indirect 
addresses is possible (see addressing modes). 

STACK POINTER 

The stack pointer is an 8-bit register used to control the address- 
ing of the variable-length stack on page one. The stack pointer is 
automatically incremented and decremented under control of the 
microprocessor to perform stack man ipula tions under direction of 
either the program or interrupts (NMI and IRQ). The stack allows 
simple implementation of nested subroutines and multiple level 
interrupts. The stack pointer should be initialized before any inter- 
rupts or stack operations occur. 

PROCESSOR STATUS REGISTER 

The 8-bit processor status register contains seven status flags. 
Some of the flags are controlled by the program, others may be con- 
trolled both by the program and the CPU. The R65C00 instruction 
set contains a number of conditional branch instructions which are 
designed to allow testing of these flags. 

HARDWARE ENHANCEMENTS 

The R65C00 family of CPU devices have incorporated hardware 
enhancements over their NMOS counterpart, the R6502. These 
hardware enhancements are: 

• The NMOS device would ignore the assertion of a Ready (RDY) 
during a write operation. The CMOS family will stop the 
processor during 02 clock if RDY is asserted during a write 
operation. 

• On th e NMOS device, unused input-only pins (IRQ, NMI, RDY, 
RES, and SO) must be connected to a low impedance signal to 
avoid noise problems. These unused pins on the CMOS devices 
are internally connected by a high impedance to Vqq (approx- 
imately 250K ohms). 
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REGISTER SECTION 


CONTROL SECTION 
RES fM 


ADDRESS 

BUS 


INTERRUPT 

LOGIC 

T 


_ 


NOTES: 

(1) R65C02 ONLY 

(2) R65C02, R65C102 ONLY 

(3) R65C102 ONLY 

(4) R65C112 ONLY 

(5) R65C102, R65C112 ONLY 



XTL0<3) 


XTLI‘3) 


00 IN, 02 IN(4) 

04 OUT(3) 

02 OUT<2) 

01 OUT(i) 


LEGEND: 

II 8 BIT LINE 
I SINGLE LINE 


Figure 2. R65C00 Internal Architecture 
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ADDRESSING MODES 

The R65C00 CPU family has 15 address modes (two more than 
the NMOS equivalent family). In the following discussion of these 
addressing modes, a bracketed expression follows the title of 
the mode. This expression is the term used in the Instruction 
Set Op Code Matrix table (later in this product description) to 
make it easier to identify the actual addressing mode used by 
the instruction. 

ACCUMULATOR ADDRESSING [Accum] — This form of 
addressing is represented with a one byte instruction, implying 
an operation on the accumulator. 

IMMEDIATE ADDRESSING [IMM] — In immediate addressing, 
the second byte of the instruction contains the operand, with 
no further memory addressing required. 

ABSOLUTE ADDRESSING [ABS] — In absolute addressing, 
the second byte of the instruction specifies the eight low order 
bits of the effective address while the third byte specifies the 
eight high order bits. Thus the absolute addressing mode allows 
access to the entire 64K bytes of addressable memory. 

ZERO PAGE ADDRESSING [ZP] — The zero page instructions 
allow for shorter code and execution times by fetching only the 
second byte of the instruction and assuming a zero high address 
byte. Careful use of the zero page can result in significant 
increase in code efficiency. 

ZERO PAGE INDEXED ADDRESSING [ZP, X or Y] — (X, Y 

indexing) — This form of addressing is used with the index 
register and is referred to as “Zero Page, X” or “Zero Page, Y”. 
The effective address is calculated by adding the second byte 
to the contents of the index register. Since this is a form of “Zero 
Page” addressing, the content of the secpnd byte references 
a location in page zero. Additionally, due to the “Zero Page” 
addressing nature of this mode, no carry is added to the high 
order eight bits of memory and crossing of page boundaries does 
not occur, 

ABSOLUTE INDEXED ADDRESSING [ABS, X or Y] — (X, Y 

indexing) — This form of addressing is used in conjunction with 
X and Y index register and is referred to as “Absolute, X” and 
“Absolute, Y”. The effective address is formed by adding the 
contents of X or Y to the address contained in the second and 
third bytes of the instruction. This mode allows the index register 
to contain the index or count value and the instruction to con- 
tain the base address. This type of indexing allows any location 
referencing and the index to modify fields, resulting in reduced 
coding and execution time. 

INDEXED ABSOLUTE INDIRECT [(ABS, X)]* — The contents 
of the second and third instruction bytes are added to the 
X-register. The sixteen-bit result is a memory address contain- 
ing the effective address. (JMP (ABS, X) only). 

IMPLIED ADDRESSING [Implied] — In the implied addressing 
mode, the address containing the operand is implicitly stated 
in the operation code of the instruction. 


RELATIVE ADDRESSING [Relative] — Relative addressing is 
used only with branch instructions and establishes a destina- 
tion for the conditional branch. 

The second byte of the instruction becomes the operand which 
is an “Offset” added to the contents of the lower eight bits of 
the program counter when the counter is set at the next instruc- 
tion. The range of the offset is - 128 to +127 bytes from the 
next instruction. 

ZERO PAGE RELATIVE ADDRESSING [ZP REL]* — This mode 
bit tests the zero page location specified for bit set/reset per the 
mask and performs a conditional relative branch based on the 
results of the bit test. 

INDEXED INDIRECT ADDRESSING [(IND, X)] — In indexed 
indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of the X index register, 
discarding the carry. The result of this addition points to a 
memory location on page zero whose contents are the low order 
eight bits of the effective address. The next memory location 
in page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and low 
order bytes of the effective address must be in page zero. 

INDIRECT INDEXED ADDRESSING [(IND), Y] — In indirect 
indexed addressing (referred to as (Indirect), Y), the second byte 
of the instruction points to a memory location in page zero. The 
contents of this memory location are added to the contents of 
the Y index register, the result being the low order eight bits 
of the effective address. The carry from this addition is added 
to the contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. 

ABSOLUTE INDIRECT [(ABS)] — The second byte of the 
instruction contains the low order eight bits of a memory loca- 
tion. The high order eight bits of that memory location are con- 
tained in the third byte of the instruction. The contents of the 
fully specified memory location are the low order byte of the 
effective address. The next memory location contains the high 
order byte of the effective address which is loaded into the six- 
teen bits of the program counter. (JMP (ABS) only.) 

INDIRECT [(IND)]* — The second byte of the instruction con- 
tains a zero page address serving as the indirect pointer. 

ENHANCEMENTS OVER R6502 

The CMOS family of microprocessor devices has been designed 
with many enhancements over the R6502 NMOS device while 
maintaining software compatibility. Besides the increased speed 
and lower power consumption inherent in CMOS technology, 
the R65C00 family has the following additional characteristics. 

• 12 new instructions for a total of 68 

• 59 new op codes, for a total of 210 

• Two new addressing modes 

• Seven software/operational enhancements 

• Two hardware enhancements 

‘These addressing modes are not available to the NMOS CPU 
family (e.g., the R6502). 
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INSTRUCTION SET 

Table 1 lists the instruction set for the CMOS CPU family in 
alphabetic order according to mnemonic. Tabe 2 lists the hex- 
adecimal codes for each of the instructions that are new to the 
CMOS family and were not available in the NMOS R6502 device 
family. Table 3 lists those instructions that were available on the 


NMOS family, but have been assigned new addressing modes 
in the CMOS CPU family. 

OPERATIONAL ENHANCEMENTS 

Table 4 lists the operational enhancements that have been 
added to the CMOS family of CPU devices and compares the 
results with their NMOS R6502 counterpart. 


Table 1 . Alphabetic Listing of the R65C00 Instruction Set 


Mnemonic 

Function 

Mnemonic 

Function 

(2) 

ADC 

Add Memory to Accumulator with Carry 


NOP 

No Operation 

(2) 

AND 

"AND" Memory with Accumulator 





ASL 

Shift Left One Bit (Memory or Accumulator) 

(2) 

ORA 

"OR" Memory with Accumlator 

(1) 

BBR 

Branch on Bit Reset 


PHA 

Push Accumulator on Stack 

(1) 

BBS 

Branch on Bit Set 


PHP 

Push Processor Status on Stack 


BCC 

Branch on Carry Clear 

(1) 

PHX 

Push X Register on Stack 


BCS 

Branch on Carry Set 

(1) 

PHY 

Push Y Register on Stack 


BEQ 

Branch on Result Zero 


PLA 

Pull Accumulator from Stack 

(2) 

BIT 

Test Bits in Memory with Accumulator 


PLP 

Pull Processor Status from Stack 


BMI 

Branch on Result Minus 

(1) 

PLX 

Pull X Register from Stack 


BNE 

Branch on Result not Zero 

(1) 

PLY 

Pull Y Register from Stack 


BPL 

Branch on Result Plus 




(1) 

BRA 

Branch Always 

(1) 

RMB 

Reset Memory Bit 


BRK 

Force Break 


ROL 

Rotate One Bit Left (Memory or Accumulator) 


BVC 

Branch on Overflow Clear 


ROR 

Rotate One Bit Right (Memory or Accumulator) 


BVS 

Branch on Overflow Set 


RTI 

Return from Interrupt 





RTS 

Return from Subroutine 


CLC 

Clear Carry Flag 





CLD 

Clear Decimal Mode 


SBC 

Subtract Memory from Accumulator with Borrow 


CLI 

Clear Interrupt Disable Bit 


SEC 

Set Carry Flag 


CLV 

Clear Overflow Flag 


SED 

Set Decimal Mode 

(2) 

CMP 

Compare Memory and Accumulator 


SEI 

Set Interrupt Disable Status 


CPX 

Compare Memory and Index X 

(1) 

SMB 

Set Memory Bit 


CPY 

Compare Memory and Index Y 

(2) 

STA 

Store Accumulator in Memory 





STX 

Store Index X in Memory 

(2) 

DEC 

Decrement Memory by One 


STY 

Store Index Y in Memory 


DEX 

Decrement Index X by One 

(1) 

STZ 

Store Zero 


DEY 

Decrement Index Y by One 


TAX 

Transfer Accumulator to Index X 

(2) 

EOR 

"Exclusive-OR" Memory with Accumulator 


TAY 

Transfer Accumulator to Index Y 




(1) 

TRB 

Test and Reset Bits 

(2) 

INC 

Increment Memory by One 

(1) 

TSB 

Test and Set Bits 


INX 

Increment Index X by One 


TSX 

Transfer Stack Pointer to Index X 


INY 

Increment Index Y by One 


TXA 

Transfer Index X to Accumulator 





TXS 

Transfer Index X to Stack Register 

(2) 

JMP 

Jump to New Location 


TYA 

Transfer Index Y to Accumulator 


JSR 

Jump to New Location Saving Return Address 




(2) 

LDA 

Load Accumulator with Memory 





LDX 

Load Index X with Memory 





LDY 

Load Index Y with Memory 





LSR 

Shift One Bit Right (Memory or Accumulator) 






Notes: 






(1) Instruction not available on the NMOS family. 





(2) R6502 instruction with additional addressing mode(s). 
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Table 2. Hexadecimal Codes For New Instructions in the R65C00 Microprocessors 


Hex 

Mnemonic 

Description 

80 

BRA 

Branch relative always [Relative] 

DA 

PHX 

Push X on stack [Implied] 

5A 

PHY 

Push Y on stack [Implied] 

FA 

PLX 

Pull X from stack [Implied 

7A 

PLY 

Pull Y from stack [Implied] 

9C 

STZ 

Store zero [Absolute] 

9E 

STZ 

Store zero [ABS, X] 

64 

STZ 

Store zero [ZP] 

74 

STZ 

Store zero [ZP, X] 

1C 

TRB 

Test and reset memory bits with accumulator [ABS] 

14 

TRB 

Test and reset memory bits with accumulator [ZP] 

OC 

TSB 

Test and set memory bits with accumulator [ABS] 

04 

TSB 

Test and set memory bits with accumulator [ZP] 

0F-7F(1) 

BBR 

Branch on bit reset [Bit Manipulation, ZP, REL] 

8F-FF(1) 

BBS 

Branch on bit set [Bit Manipulation, ZP, REL] 

07-77(1) 

RMB 

Reset memory bit [Bit Manipulation, ZP] 

87-F7(i) 

SMB 

Set memory bit [Bit Manipulation, ZP] 

Note: 



1. Most significant digit change only. 



Table 3. Hexadecimal Codes For R65C00 Instructions With New Addressing Modes 


Hex 

Mnemonic 

Description 

72 

ADC 

Add memory to accumulator with carry [(IND)] 

32 

AND 

AND memory with accumulator [(IND)] 

3C 

BIT 

Test memory bits with accumulator [ABS, X] 

34 

BIT 

Test memory bits with accumulator [ZP, X] 

89 

BIT 

Test Immediate with accumulator [IMM] 

D2 

CMP 

Compare memory and accumulator [(IND)] 

3A 

DEC 

Decrement accumulator [Accum] 

52 

EOR 

Exclusive Or memory with accumulator [(IND)] 

1A 

INC 

Increment accumulator [Accum] 

7C 

JMP 

Jump (New addressing mode) [(ABS, X)] 

B2 

LDA 

Load accumulator with memory [(IND)] 

12 

ORA 

OR memory with accumulator [(IND)] 

F2 

SBC 

Subtract Memory from accumulator with borrow [(IND)] 

92 

STA 

Store accumulator in memory [(IND)] 


Table 4. R65C00 Operational Enhancements 


Function 

NMOS R6502 Microprocessor 

CMOS R65COO Family Microprocessor 

Indexed addressing across page boundary. 

Extra read of invalid address. 

Extra read of last instruction byte. 

Execution of invalid op codes. 

Some terminate only by reset. Results are 
undefined. 

All are NOPs (reserved for future use). 

Jump Indirect, operand = XXFF. 

Page address does not increment. 

Page address increments and adds one addi- 
tional cycle. 

Read/modify/write instructions at effective 
address. 

One read and two write cycles. 

Two read and one write cycle. 

Decimal flag. 

Indeterminate after reset. 

Initialized to binary mode (D = 0) after reset 
and interrupts. 

Flags after decimal operation. 

Invalid N, V and Z flags. 

Valid flag adds one additional cycle. 

Interrupt after fetch of BRK instruction. 

Interrupt vector is loaded, BRK vector is 
ignored. 

BRK is executed, then interrupt is executed. 
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INSTRUCTION SET OP CODE MATRIX 

The following matrix shows the 210 Op Codes associated with 
the R65C00 family of CPU devices. The matrix identifies the 
hexadecimal code, the mnemonic code, the addressing mode. 


the number of instruction bytes, and the number of machine 
cycles associated with each Op Code. Also, refer to the instruc- 
tion set summary for additional information on these Op Codes. 


LSD „ 

Q 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

5 

BRK 

ORA 



TSB 

ORA 

ASL 

RMBO 

PHP 

ORA 

ASL 


TSB 

ORA 

ASL 

BBRO 

0 

Implied 

(IND, X) 



ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


ABS 

ABS 

ABS 

ZP 


1 7 

2 6 



2 5 

2 3 

2 5 

2 5 

1 3 

2 2 

1 2 


3 6 

3 4 

3 6 

3 5“ 


BPL 

ORA 

ORA 


TRB 

ORA 

ASL 

RMB1 

CLC 

ORA 

INC 


TRB 

ORA 

ASL 

BBR1 

1 

Relative 

(IND), Y 

(IND) 


ZP 

ZP, X 

ZP. X 

ZP 

Implied 

ABS. Y 

Accum 


ABS 

ABS, X 

ABS, X 

ZP 


2 2“ 

2 5* 

2 5 


2 5 

2 4 

2 6 

2 5 

1 2 

3 4* 

1 2 


3 6 

3 4* 

3 7 

3 5“ 


JSR 

AND 



BIT 

AND 

ROL 

RMB2 

PLP 

AND 

ROL 


BIT 

AND 

ROL 

BBR2 

2 

ABS 

(IND, X) 



ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


ABS 

ABS 

ABS 

ZP 


3 6 

2 6 



2 3 

2 3 

2 5 

2 5 

1 4 

2 2 

1 2 


3 4 

3 4 

3 6 

3 5“ 


BMI 

AND 

AND 


BIT 

AND 

ROL 

RMB3 

SEC 

AND 

DEC 


BIT 

AND 

ROL 

BBR3 

3 

Relative 

(IND), Y 

(IND) 


ZP, X 

ZP, X 

ZP. X 

ZP 

Implied 

ABS. Y 

Accum 


ABS. X 

ABS, X 

ABS, X 

ZP 


2 2“ 

2 5* 

2 5 


2 4 

2 4 

2 6 

2 5 

1 2 

3 4* 

1 2 


3 4* 

3 4* 

3 7 

3 5“ 


RTI 

EOR 




EOR 

LSR 

RMB4 

PHA 

EOR 

LSR 


JMP 

EOR 

LSR 

BBR4 

4 

Implied 

(IND, X) 




ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


ABS 

ABS 

ABS 

ZP 


1 6 

2 6 




2 3 

2 5 

2 5 

1 3 

2 2 

1 2 


3 3 

3 4 

3 6 

3 5“ 


BVC 

EOR 

EOR 



EOR 

LSR 

RMB5 

CLI 

EOR 

PHY 



EOR 

LSR 

BBR5 

5 

Relative 

(IND), Y 

(IND) 



ZP, X 

ZP, X 

ZP 

Implied 

ABS. Y 

Implied 



ABS. X 

ABS. X 

ZP 


2 2“ 

2 5* 

2 5 



2 4 

2 6 

2 5 

1 2 

3 4* 

1 3 



3 4* 

3 7 

3 5“ 


RTS 

ADC 



STZ 

ADC 

ROR 

RMB6 

PLA 

ADC 

ROR 


JMP 

ADC 

ROR 

BBR6 

6 

Implied 

(IND, X) 



ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


(ABS) 

ABS 

ABS 

ZP 


1 6 

2 6t 



2 3 

2 3t 

2 5 

2 5 

1 4 

2 2t 

1 2 


3 6 

3 4t 

3 6 

3 5“ 


BVS 

ADC 

ADC 


STZ 

ADC 

ROR 

RMB7 

SEI 

ADC 

PLY 


JMP 

ADC 

ROR 

BBR7 

7 

Relative 

(IND), Y 

(IND) 


ZP, X 

ZP, X 

ZP, X 

ZP 

Implied 

ABS. Y 

Implied 


(ABS, X] 

ABS, X 

ABS. X 

ZP 


2 2“ 

2 5*t 

2 5t 


2 4 

2 4t 

2 6 

2 5 

1 2 

3 4‘t 

1 4 


3 6 

3 4*t 

3 7 

3 5” 


BRA 

STA 



STY 

STA 

STX 

SMBO 

DEY 

BIT 

TXA 


STY 

STA 

STX 

BBSO 

8 

Relative 

(IND, X) 



ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Implied 


ABS 

ABS 

ABS 

ZP 


2 3* 

2 6 



2 3 

2 3 

2 3 

2 5 

1 2 

2 2 

1 2 


3 4 

3 4 

3 4 

3 5“ 


BCC 

STA 

STA 


STY 

STA 

STX 

SMB1 

TYA 

STA 

TXS 


STZ 

STA 

STZ 

BBS1 

9 

Relative 

(IND), Y 

(IND) 


ZP, X 

ZP, X 

ZP. Y 

ZP 

Implied 

ABS. Y 

Implied 


ABS 

ABS, X 

ABS, X 

ZP 


2 2“ 

2 6 

2 5 


2 4 

2 4 

2 4 

2 5 

1 2 

3 5 

1 2 


3 4 

3 5 

3 5 

3 5“ 


LDY 

LDA 

LDX 


LDY 

LDA 

LDX 

SMB2 

TAY 

LDA 

TAX 


LDY 

LDA 

LDX 

BBS2 

A 

IMM 

(IND, X) 

IMM 


ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Implied 


ABS 

ABS 

ABS 

ZP 


2 2 

2 6 

2 2 


2 3 

2 3 

2 3 

2 5 

1 2 

2 2 

1 2 


3 4 

3 4 

3 4 

3 5“ 


BCS 

LDA 

LDA 


LDY 

LDA 

LDX 

SMB3 

CLV 

LDA 

TSX 


LDY 

LDA 

LDX 

BBS3 

B 

Relative 

(IND), Y 

(IND) 


ZP, X 

ZP, X 

ZP, Y 

ZP 

Implied 

ABS. Y 

Implied 


ABS, X 

ABS, X 

ABS, Y 

ZP 


2 2“ 

2 5* 

2 5 


2 4 

2 4 

2 4 

2 5 

1 2 

3 4* 

1 2 


3 4* 

3 4* 

3 4* 

3 5“ 


CRY 

CMP 



CPY 

CMP 

DEC 

SMB4 

INY 

CMP 

DEX 


CPY 

CMP 

DEC 

BBS4 

C 

IMM 

(IND, X) 



ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Implied 


ABS 

ABS 

ABS 

ZP 


2 2 

2 6 



2 3 

2 3 

2 5 

2 5 

1 2 

2 2 

1 2 


3 4 

3 4 

3 6 

3 5“ 


BNE 

CMP 

CMP 



CMP 

DEC 

SMBS 

CLD 

CMP 

PHX 



CMP 

DEC 

BBSS 

D 

Relative 

(IND). Y 

(IND) 



ZP, X 

ZP. X 

ZP 

Implied 

ABS. Y ' 

Implied 



ABS, X 

ABS, X 

ZP 


2 2“ 

2 5* 

2 5 



2 4 

2 6 

2 5 

1 2 

3 4* 

1 3 



3 4* 

3 7 

3 5“ 


CPX 

SBC 



CPX 

SBC 

INC 

SMB6 

INX 

SBC 

NOP 


CPX 

SBC 

INC 

BBSS 

E 

IMM 

(IND, X) 



ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Implied 


ABS 

ABS 

ABS 

ZP 


2 2 

2 6t 



2 3 

2 3t 

2 5 

2 5 

1 2 

2 2t 

1 2 


3 4 

3 4t 

3 6 

3 5“ 


BEQ 

SBC 

SBC 



SBC 

INC 

SMB7 

SED 

SBC 

PLX 



SBC 

INC 

BBS7 

F 

Relative 

(IND), Y 

(IND) 



ZP, X 

ZP. X 

ZP 

Implied 

ABS. Y 

Implied 



ABS, X 

ABS, X 

ZP 


2 2“ 

2 5‘t 

2 5t 



2 4t 

2 6 

2 5 

1 2 

3 4*t 

1 4 



3 4*t 

3 7 

3 5“ 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 




- New Opcode 


BRK 
Implied 
1 7 


—OP Code 
— Addressing Mode 
— Instruction Bytes; Machine Cycles 


tAdd 1 to N if in decimal mode. 

‘Add 1 to N if page boundary is crossed. 
“Add 1 to N if branch occurs to same page; 
Add 2 to N if branch occurs to different page. 
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53 

33 

C 

o 


c/> 

m 

H 

C/> 

c 


> 

30 


Notes: 

LEGEND 

Me 

= Memory Bit 6 

1. Add 1 to N if page boundary is crossed. 

X 

= Index X 


= Add 

2. Add 1 to N if branch occurs to same page. 

Y 

= Index Y 

- 

= Subtract 

Add 2 to N if branch occurs to different page. 

A 

= Accumulator 

A 

= And 

3. Carry not (C) = Borrow. 

M 

= Memory per, effective address 

V 

= Or 

4. Effects 8-bit data field of the specified zero page address. 

Ms 

= Memory per stack pointer 

¥- 

= Exclusive or 

5. Add 1 to N if in Decimal Mode. 

Mg 

= Selecter zero page memory bit 

n 

= Number of cycles 

6. On the Bit immediate instruction, the results of the and Mg bits (N and V flags) are indeterminate and should be considered invalid. 

7. If in Decimal Mode, Z flag is invalid. Accumulator must be checked for zero result. 

8. JMP (OP Code 6C) is an Absolute Indirect Addressing Mode (ABS). 

M, 

= Memory Bit 7 

# 

= Number of Bytes 
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SWITCHING CHARACTERISTICS (Over operating conditions unless otherwise noted) 




1 MHz 

2 MHz 

3 MHz 

4 MHz 


Parameter 

Symbol 

Min 1 Max 

Min 1 Max 

Min 1 Max 

Min 1 Max 

Unit 


CLOCK TIMING 


02 Cycle Time 

^CYC 

1000 

Note 1 

500 

Note 1 

333 

Note 1 

250 

Note 1 

ns 

02 Low Pulse Width 

^CL 

430 

5000 

210 

5000 

150 

5000 

100 

5000 

ns 

02 High Pulse Width 

^CH 

450 

_ 

220 

— 

160 

— 

110 

- 

ns 

00 Low to 02 Low Skew^^) 

^DLY 

- 

50 

— 

50 

- 

40 

- 

30 

ns 

02 Low to 01 High Skew^^^ 

^DLYI 

-20 

20 

-20 

20 

-20 

20 

-20 

20 

ns 

XTLI High to 02 Low^^^ 

toxi 

- 

100 

— 

100 

— 

100 

- 

100 

ns 

XTLO Low to 02 Low^'^) 

toxo 

- 

75 

- 

75 

- 

75 

- 

75 

ns 

02 Low to 04 High Delay^'*) 

Uvs 

- 

250 

- 

125 

— 

85 

- 

65 

ns 

04 Low Pulse Width^*^) 

t04L 

430 

- 

210 

- 

150 

- 

100 

- 

ns 

04 High Pulse Width^'*) 

t04H 

450 

5000 

220 

5000 

160 

5000 

110 

5000 

ns 

Clock Rise and Fall Times 

tR. tp 

- 

25 

— 

20 

- 

15 

- 

12 

ns 


READ/WRITE TIMING 


R/W Delay Time 

^RWS 

— 

125 

— 

100 

— 

85 

- 

70 

ns 

R/W Hold Time 

^HRW 

15 

— 

15 

— 

15 

- 

15 

- 

ns 

Address Delay Time 

Uds 

- 

125 

- 

100 

- 

85 

- 

70 

ns 

Address Valid to 04 High^*^^ 

^A04 

100 

_ 

25 

— 

10 

— 

0 

— 

ns 

Address Hold Time 

tHA 

15 

- 

15 

— 

15 

- 

15 

- 

ns 

Read Access Time 

Ucc 

775 

- 

340 

- 

215 

- 

160 

- 

ns 

Read Data Setup Time 

bsu 

100 

- 

60 

- ! 

40 

— 

30 

— 

ns 

Read Data Hold Time 

^HR 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

Write Data Delay Time^^) 

twDS 

— 

200 

— 

110 

— 

85 

- 

55 

ns 

Write Data Delay Time^"^) 

toDW 

— 

200 

— 

110 

— 

85 

- 

65 

ns 

Write Data Delay Time^®) 

bD12 

- 

450 

— 

235 

- 

170 

- 

120 

ns 

Write Data Hold Time 

'hw 

30 

- 

30 

- 

30 

- 

30 

- 

ns 


CONTROL LINE TIMING 


SYNC Delay 

^SYS 

— 

125 

— 

100 

— 

85 

- 

70 

ns 

RDY Setup Time 

^RDS 

200 

- 

110 

— 

80 

- 

60 

- 

ns 

SO Setup Time 

^sos 

75 

- 

50 

- 

40 

- 

30 

- 

ns 

ML Delay Time(5) 

^MLS 

- 

125 

- 

100 

- 

85 

- 

70 

ns 

ML Hold Time(^) 

^HML 

10 

— 

10 

— 

10 

— 

10 

- 

ns 

ML Hold Time^®) 

^HML 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

BE Delay Time(5)(8) 

^BE 

- 

40 

— 

40 

- 

40 

- 

40 

ns 

IRQ, RES Setup Time 

% 

200 

— 

110 

— 

80 

- 

60 

— 

ns 

NMI Setup Time 

^NMI 

300 

— 

200 

— 

170 

- 

150 

- 

ns 

Notes: 

1. R65C02 and R65C102 minimum operating frequency is limited by 02 low pulse width. All processors can be stopped with 02 held high. 

2. R65C02 only. 

3. Note 3 deleted. 

4. R65C102 only. 

5. R65C102 and R65C112 only. 

6. R65C112 only. 

7. Measurement points shown are 0.8V (low) and 2.0V (high) for outputs and 1.5V (low and high) for inputs, unless otherwise specified. 

8. BE signal is asynchronous. 
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CLOCK/CRYSTAL CONSIDERATIONS 

A crystal controlled time base generator circuit should be used 
to drive 00 (IN) (R65C02) or the XTLI and XTLO (R65C102) 
inputs. Alternatively, a TTL level clock input to XTLI may be used, 
with XTLO floating. 

Figure 6 shows a time base generation scheme, for a 4 MHz 
operation of the R65C02, that has been tested and proven relia- 
ble for normal environments. 

Figure 7 shows a possible external clock scheme for a R65C102 
and R65C112 master/slave configuration. 

The on-chip oscillator is designed for a parallel resonant crys- 
tal connected between XTLI and XTLO pins. The equivalent 
oscillator circuit is shown in Figure 7. 

A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator operation, 
the load capacitance (Cl), series resistance (Rs) and the crys- 
tal resonant frequency (F) must meet the following two relations: 


(C 5) = 2Cl or C = 2 Cl - 5 


Rs ^ 


Rsmax 


2x10^ 

(FCl)2 


where: F is in MHz, C and Cl is in pF, and R is in ohms. 


To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer’s catalog. Next, 
calculate Rsmax based on F and Cl- The selected crystal must 
have a Rs less than the Rsmax- 


For example, if Cl = 30 pF for a 4 MHz parallel resonant 
crystal, then 


C = (2 X 30) - 5 = 55 pF 
(use standard value of 56 pF) 

The series resistance of the crystal must be less than 

2x10® 

Rsmax ~ “ 1 38 ohms 

(4 X 30)2 


NOTE 

As with any clock oscilltor circuit, stray capacitance due 
to board layout can affect circuit operation requiring “fine 
tuning’’ (e.g. component repositioning or value change) 
of the circuits shown in Figures 6 and 7. Shunt capacitance 
(C) includes stray capacitance. 



Figure 7. Example of R65C102/R65C112 
Master/Slave Clock Circuit 


STOPPING THE CLOCK-STANDBY MODE 

Caution must be exercised when configuring the R65C02 or 
R65C112 in the standby mode (i.e., 00 IN or 02 IN clock stopped). 
The input clock can be held in the high state indefinitely; 
however, if the input clock is held in the low state longer than 
5 microseconds, internal register and data status can be lost. 
Figure 8 shows a circuit that will stop the 00 IN (R65C02) or 
02 IN (R65C112) clock in the high state during standby mode. 


1.5K 3.0K 



Notes: 1. Crystal CTS Knight MP Series. 
2. See STOPPING THE CLOCK. 



Figure 6. Example of R65C02 External Time Base Figure 8. Stopping the Clock (Standby Mode) Circuit 

Generator Circuit 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

o 

o 

> 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

-0.3 to Vcc +0.3 

Vdc 

Output Voltage 

Vqut 

— 0.3 to Vqq +0.3 

Vdc 

Storage Temperature 

Tstg 

- 55 to +150 

°C 


'NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in the other sections of this document 
is not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

< 

o 

o 

5 Vdc ±5% 

Operating Temperature (Ambient) 
Commercial 

Industrial 

Military 

Tl to Th 

O^C to 70°C 
-40°C to +85°C 
-55°C to +125®C 


ELECTRICAL CHARACTERISTICS 

(Over operating conditions unless otherwise noted) 


Parameter 

Symbol 

Min 

Typ4 

Max 

Unit 

Test Conditions 

Input High Voltage 

V,H 




V 


-40°C to 85°C 


2.0 


Vcc +0.3 



-55°C to ^25°C 


2.4 


Vcc +0.3 



Input Low Voltage 

V,L 




V 


-40°C to 85°C 


-0.3 


+ 0.8 



-55 °C to 125®C 


-0.3 


+ 0.4 



Input High Voltage 00 R65C02) 

V,H0 

2.4 


Vcc +0.3 

V 


Input Low Voltage 00 (R65C02) 

V,L0 

-0.3 


+ 0.4 

V 


Input High Voltage 02 (IN) (R65C112) 

V,H2 

Vcc -0.4 


Vcc +0.3 

V 


Input Low Voltage 02 (IN) (R65C112) 

V,L2 

-0.3 


+ 0.4 

V 


Input Leakage Current 

l|N 




fiA 

V|N = OV to 5.25V 

NMI, IRQ, BE, RDY, RES, SO 


— 


-50 


< 

II 

o 

< 

02 (IN), 00 (IN), XTLI 


— 


1.0 



Three-State (Off State) Input Current 

Itsi 




mA 

V,N = 0.4V to 2.4V 

Data Lines 


— 


10 


Vcc = 5.25V 

Output High Voltage 

VoH 

2.4 


— 

V 

Vcc = 4.75V 

SYNC, Data, A0-A15, R/W, 01 (OUT), 02 (OUT), 04 (OUT), ML 






Load = - 100 ^lA 

Output Low Voltage 

VoL 



+ 0.4 

V 

Vcc = 4.75V 

SYNC, Data, A0-A15, R/W, 01 (OUT), 02 (OUT), 04 (OUT), 


— 




Load = 1.6 mA 

Supply Current 

•cc 





Vcc = 5.0V 

Standby'^ 


— 

2 

10 

nA 


Active (R65C02) 


— 

2.6 

4 

mA/MHz 


Active (R65C102) 


— 

5 

7 

mA/MHz 


Active (R65C112) 


— 

2 

4 

mA/MHz 


Low Power (R65C02) 


— 

1.5 

2 

mA/MHz 

RDY = 0 

Low Power (R65C102) 


— 

3 

5 

mA/MHz 

RDY = 0 

Low Power (R65C112) 


— 

0.7 

1 

mA/MHz 

PDY = 0 

Capacitance 





pF 

Vcc = 5.0V 

NMI, IRQ, SO, BE, RDY 

C|N 

— 


7 


V|N = OV 

SYNC, Data, A0-A15, R/W, 01 (OUT), 02 (OUT), 04 (OUT), ML, 

Cqut 

— 


10 


ViN = OV 

XTLO 






f = 1 MHz 

00 (IN), XTLI 

Co 

— 


10 


Ta = 25°C 

02 (IN) 

C2 

— 

I 

30 



Notes: 







1. All units are direct current (dc). 







2. Negative sign indicates outward current flow, positive indicates inward flow. 





3. IRQ and NMI require external pull-up resistor. 







4. Typical values shown for Vcc = 5.0V and T^ = 25°C. 
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44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


INDEX 

CORNER 



D1 I c PIN 1 

I D2 c INDICATOR 


CHAM.J X 45®- 



SEATING PLANE 






^ H he" Hhb \ 

CHAM. 11 PINS EJECTOR PIN MARKS 
h X 45® per side 4 PLCS BOTTOM OF 
3 PLCS EQUALLY PACKAGE ONLY 

SPACES (TYPICAL) 

BOTTOM VIEW 


SECTION A-A 

TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 






R65C21 



R65C21 

Rockwell 

Peripheral Interface Adapter (PIA) 


DESCRIPTION 

The R65C21 Peripheral Interface Adapter (PIA) is designed to 
solve a broad range of peripheral control problems in the imple- 
mentation of microcomputer systems. This device allows a very 
effective trade-off between software and hareware by providing 
significant capability and flexibility in a low cost chip. When 
coupled with the power and speed of the R6500, R6500/* or 
R65C00 family of microprocessors, the R65C21 allows imple- 
mentation of very complex systems at a minimum overall cost. 

Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be used 
to interrupt the processor or to “handshake” data between the 
processor and a peripheral device. 


FEATURES 

• Low power CMOS N-well silicon gate technology 

• Direct replacement for NMOS R6520 or MC6821 PIA 

• Two 8-bit bidirectional I/O ports with individual data direction 
control 

• Automatic “Handshake” control of data transfers 

• Two interrupts (one for each port) with program control 

• 1 , 2, 3, and 4 MHz versions 

• Commercial and industrial temperature range versions 

• Wide variety of packages 

— 40-pin plastic and ceramic DIP 

— 44-pin plastic leaded chip carrier (PLCC) 

• Single +5 Vdc power requirement 

• Compatible with the R6500, R6500/* and R65C00 family of 
microprocessors 
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Peripheral Interface Adapter (PIA) 


decoder circuits. When the PIA is selected , data will be transferred 
between the data lines and PIA register^ and/or peripheral inter- 
face lines as determined by the R/W, RSO, and RS1 lines 
and the contents of Control Registers A and B. / 

RESET SIGNAL (l^) 

The R eset ( RES) input initializes the R65C21 PIA. A low signal 
on the RES input causes all internal registers to be cleared. 

CLOCK SIGNAL (02) 

The Phase 2 Clock Signal (02) is the system clock that triggers 
all data transfers between the CPU and the PIA. 02 is generated 
by the CPU and is therefore the synchronizing signal between the 
CPU and the PIA. 

READ/WRITE SIGNAL (R/W) 

Read/Write (R/W) controls the direction of data transfers between 
the PIA and the datajmes associated with the CPU and the 
peripheral devices. R/W high permits the peripheral devices to 
transfer data to the CPU from the PIA. R/W low allows data to 
be transferred from the CPU to the peripheral devices from the 
PIA. 

REGISTER SELECT (RSO, RS1) 

The two Register Select lines (RSO, RS1), in conjunction with the 
Control Registers’ (CRA, CRB) Data Direction Register access 
bits select the various R65C21 registers to be accessed by the 
CPU. RSO and RS1 are normally connected to the microprocessor 
(CPU) address output lines. Through control of these lines, the 
CPU can write directly into the Control Registers (CRA, CRB), the 
Data Direction Registers (DDRA, DDRB) and the Peripheral Out- 
put Registers (ORA, ORB). In addition, the processor may directly 
read the contents of the Control Registers and the Data Direction 
Registers. Accessing the Peripheral Output Register for the pur- 
pose of reading data back into the processor operates differently 
on the ORA and the ORB registers and, therefore, are shown 
separately in Table 1. 



Figure 2. R65C21 ACIA Interface Signals 


R65C21 


ORDERING INFORMATION 



INTERFACE SIGNALS 

The PIA interfaces to the R6500, R6500/* or the R65C00 micro- 
processor family with a reset line, a02 clock line, a read/write line, 
two interrupt request lines, two register select lines, three chip 
select lines, and an 8-bit bidirectional data bus. 

The PIA interfees to the peripheral devices with four interrupt/ 
control lines and two 8-bidirectional data ports. 

Figure 1 (on the front page) shows the R65C21 PIA pin assign- 
ments and Figure 2 groups the signals by functional interface. 

CHIP SELECT (CSO, CS1, C^) 

The PIA is selected when CSO and CS1 are high and CS2 is 
low. These three chip select lines are normally connected to the 
processor address lines either directly or through external 
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Table 1 . ORA and ORB Register Addressing 


Register 

Address 

(Hex) 

Register 
Select Lines 

Data Direction 
Control 

Register Operation 

RS1 

RSO 

CRA 
(Bit 2) 

CRB 
(Bit 2) 

R/W=H 

R/W=L 

0 

L 

L 

1 

_ 

Read PIBA 

Write ORA 

0 

L 

L 

0 

— 

Read DDRA 

Write DDRA 

1 

L 

H 

— 

— 

Read CRA 

Write CRA 

2 

H 

L 

— 

1 

Read PIBB 

Write ORB 

2 

H 

L 

— 

0 

Read DDRB 

Write DDRB 

3 

H 

H 

— 

— 

Read CRB 

Write CRB 


INTERRUPT REQUEST LINES (IRQA, IRQB) 

The active low Interrupt Request lines (IRQA and IRQB) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain and are capa- 
ble of sinking 1.6 mA from an external source. This permits all 
interrupt request lines to be tied together in a wired-OR configu- 
ration. The A and B in the titles of these lines correspond to the 
peripheral port A and the peripheral port B so that each interrupt 
request line services one peripheral data port. 

Each Interrupt Request line has two interrupt flag bits which can 
cause the Interrupt Request line to go low. These flags are bits 6 
and 7 in the two Control Registers (CRA, CRB). These flags act 
as the link between the peripheral interrupt signals and the 
microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which allows the processor to enable or dis- 
able the interrupt from each of the four interrupt inputs (CA1 , CA2, 
CB1 , CB2). The four interrupt flags are set by active transitions 
of the signal on the interrupt input (CA1 , CA2, CB1 , CB2). 

CRA bit 7 (IRQA1 ) is always set by a n activ e transition of the CA1 
interrupt input signal. However, IRQA can be disabled by 
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) is 
set by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 

Both bit 6 and bit 7 in CRA are reset by a “Read Peripheral Output 
Register A” operation. This is defined as an operation in which 
the read/write, proper data direction register and register select 
signals are provided to allow the process or to read the Peripheral 
A I/O port. A summary of IRQA control is shown in 
Table 2. 

Control of IRQB is perfo rmed in exactly the same manner as 
that described above for IRQA (Table 2). Bit 7 in CRB (IRQB1) 
is set by an active transition on CB1 and IRQB from this flag 
is controlled by CRB bit 0. Likewise, bit 6 (IRQ B2) in CRB is set 
by an active transition on CB2, and IRQB from this flag is 
controlled by CRB bit 3. Also, both bit 6 and bit 7 of CRB are reset 
by a “Read Peripheral B Output Register” operation. 


Table 2. IRQA and IRQB Control Summary 


Control Register Bits 

Action 

CRA-7 = 1 and CRA-0 = 1 

IRQA goes low (Active) 

CRA-6 = 1 and CRA-3 = 1 

IRQA goes low (Active) 

CRB-7 =1 and CRB-0 = 1 

IRQB goes low (Active) 

CRB-6 = 1 and CRB-3 = 1 

IRQB goes low (Active) 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 

The four interrupt input/peripheral control lines provide a num- 
ber of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PA0-PA7), PB0-PB7). Figure 4 summarizes the operation of 
these control lines. 

CA1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control Register A to a logic 1 . 
The active transition can be programmed by setting a 0 in bit 1 
of the CRA if the interrupt flag (bit 7 of CRA) is to be set on a nega- 
tive transition of the CA1 signal or a 1 if it is to be set on a positive 
transition. 


CA2 can act as a totally independent interrupt or as a peripheral 
control output. As an input (CRA, bit 5 = 0) it acts to set the inter- 
rupt flag, bit 6 of CRA, to a logic 1 on the active transition selected 
by bit 4 of CRA. 

These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1 . The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The inter- 
rupt disable bit allows the processor to exercise control over the 
system interrupt. 

In the output mode (CRA, bits = 1),CA2 can operate independ- 
ently to generate a simple pulse each time the microprocessor 
reads the data on the Peripheral A I/O port. This mode is selected 
by setting CRA, bit 4 to a 0 and CRA, bit 3 to a 1 . This pulse out- 
put can be used to control the counters, shift registers, etc., which 
make sequential data available on the Peripheral input lines. 

A second output mode allows CA2 to be used in conjunction with 
CA1 to “handshake” between the processor and the peripheral 
device. On the A side, this technique allows positive control of data 
transfers from the peripheral device into the microprocessor. The 
CA1 input signals the processor that data is available by interrupt- 
ing the processor. The processor reads the data and sets CA2 
low. This signals the peripheral device that it can make new data 
available. 

The final output mode can be selected by setting bit 4 of CRA to 
a 1 . In this mode, CA2 is a simple peripheral control output which 
can be set high or low by setting bit 3 of CRA to a 1 or 0, 
respectively. 

CB1 operates as an interrupt input only in the same manner as 
CA1. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 = 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B 
Output Register. Also, the “handshaking” operates on data trans- 
fers from the processor into the peripheral device. 
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Peripheral Interface Adapter (PI A) 


The R65C21 PIA is organized into two independent sections 
referred to as the A Side and the B Side. Each section consists 
of a Control Register (CRA, CRB), Data Direction Register 
(DDRA, DDRB), Output Register (ORA, ORB), Interrupt Status 
Control (ISCA, ISCB), and the buffers necessary to drive the 
Peripheral Interface buses. Data Bus Buffers (DBB) interface 
data from the two sections to the data bus, while the Data Input 
Register (DIR) interjaces data from the DBB to the PIA registers. 
Chip Select and RA/V control circuitry interface to the processor 
bus control lines. Figure 3 is a block diagram of the R65C21 PIA. 

DATA INPUT REGISTER (DIR) 

When the microprocessor writes data into the PIA, the data which 
appears on the data bus during the 02 clock pulse is latched into 
the Data Input Register (DIR). The data is then transferred into 
one of six internal registers of the PIA after the trailing edge 


of the 02 clock. This assures that the data on the peripheral output 
lines will make smooth transitions from high to low (or from low 
to high) and the voltage will remain stable except when it is going 
to the opposite polarity. 

CONTROL REGISTERS (CRA AND CRB) 

Table 3 illustrates the bit designation and functions in the two con- 
trol registers. The control registers allow the microprocessor to 
control the operation of the Interrupt Control inputs (CA1 , CA2, 
CB1 , CB2), and Peripheral Control outputs (CA2, CB2). Bit 2 in 
each register controls the addressing of the Data Direction 
Registers (DDRA, DDRB) and the Output Registers (ORA, ORB). 
In addition, two bits (bit 6 and 7) in each control register indicate 
the status of the Interrupt Input lines (CA1 , CA2, CB1 , CB2). These 
Interrupt Status bits (IRQA1, IRQA2 or IRQB1, IRQB2) 
are normally interrogated by the microprocessor during the 
IRQ interrupt service routine to determine the source of the 
interrupt. 
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Table 3. Control Registers Bit Designations 


7 

6 

5 

4 

3 

2 

1 0 

IRQA1 

IRQA2 

CA2 Control 

DDRA/ORA 

Select 

CA1 Control 


7 

6 


4 

3 

2 

1 0 

IRQB1 

IRQB2 

CB2 Control 

DDRB/ORB 

Select 

CB1 Control 


DATA DIRECTION REGISTERS (DDRA, DDRB) 

The Data Direction Registers (DDRA, DDRB) allow the processor 
to program each line in the 8-bit Peripherai I/O port to be either 
an input or an output. Each bit in DDRA controls the correspond- 
ing line in the Peripheral A port and each bit in DDRB controls the 
corresponding line in the Peripheral B port. Writing a 0 in a bit posi- 
tion in the Data Direction Register causes the corresponding 
Peripheral I/O line to act as an input; a 1 causes it to act as an 
output. 

Bit 2 in each Control Register (CRA and CRB) controls access to 
the Data Direction Register or the Peripheral interface. If bit 2 is 
a 1 , a Peripheral Output register (ORA, ORB) is selected, and if 
bit 2 is a 0, a Data Direction Register (DDRA, DDRB) is selected. 
The Data Direction Register Access Control bit, together with the 
Register Select lines (RSO, RS1) selects the various internal 
registers as shown in Table 1 . 

PERIPHERAL OUTPUT REGISTER (ORA, ORB) 

The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral I/O port. If a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low ( < 0.4 Vdc); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 

INTERRUPT STATUS CONTROL (ISCA, ISCB) 

The four interrupt/peripheral controi lines (CA1 , CA2, CB1 , CB2) 
are controlled by the Interrupt Status Control logic (A, B). This logic 
interprets the contents of the corresponding Control Register and 
detects active transitions on the interrupt inputs. 

PERIPHERAL I/O PORTS (PA0~PA7, PB0-PB7) 

The Peripheral A and Peripheral B I/O ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also allow 
the processor to interface with the peripheral device output lines 
by reading the data on the Peripheral Port input lines directly onto 
the data bus and into the internal registers of the processor. 

Each of the Peripheral I/O lines can be programmed to act as an 
input or an output. This is accomplished by setting a 1 in the cor- 
responding bit in the Data Direction Register for those lines which 
are to act as outputs. A 0 in a bit of the Data Direction Register 
causes the corresponding Peripheral I/O lines to act as an input. 


The buffers which drive the Peripheral A I/O lines contain “pas- 
sive” pull-up devices. These pull-up devices are resistive in nature 
and therefore allow the output voltage to go to Vcc for a logic 1 . 
The switches can sink a full 3.2 mA, making these buffers capa- 
ble of driving two standard TTL loads. 

In the input mode, the pull-up devices are still connected to the 
I/O pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 

The Peripheral B I/O port duplicates many of the functions of the 
Peripheral A port. The process of programming these lines to act 
as an input or an output is simiiar to the Peripheral A port, as is 
the effect of reading or writing this port. However, there are several 
characteristics of the buffers driving these lines which affect their 
use in peripheral interfacing. 

The Peripheral B I/O port buffers are push-pull devices, i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 voltage 
will not go higher than + 2.4 Vdc. 

Another difference between the PA0-PA7 lines and the PBO 
through PB7 lines is that they have three-state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will be 
read properly, when programmed as output lines, even if the data 
signals fall below 2.0 Vdc for a “high” state or are above 0.8 Vdc 
for a “low” state. When programmed as output, each line can 
drive at least a two TTL load and may also be used as a source 
of up to 3.2 mA at 1 .5 Vdc to directly drive the base of a transistor 
switch, such as a Darlington pair. 

Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Register 
for those lines programmed to act as inputs. 

The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 
Peripheral B I/O lines are programmed to act as inputs, the out- 
put buffer enters the high impedance state. 

DATA BUS BUFFERS (DBB) 

The Data Bus Buffers are 8-bit bidirectionai buffers used for data 
exchange, on the D0-D7 Data Bus, between the microprocessor 
and the PIA. These buffers are tri-state and are capable of driv- 
ing a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when operating 
in an input mode). 
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R65C21 


Peripheral Interface Adapter (PIA) 


CONTROL REGISTER A (CRA) 


CA2 INPUT MODE (BIT 5 = 0) 


7 

6 

5 

4 

3 

2 

1 

0 

IRQA1 

FLAG 

IRQA2 

FLAG 

CA2 INPUT 
MODE SELECT 
( = 0) 

IRQA2 

TRANSITION 

SELECT 

IR^ 

ENABLE 

FOR IRQA2 

DDRA/ORA 

SELECT 

IRQA1 

TRANSITION 

SELECT 

IR^ 

ENABLE 

FOR IRQA1 

IRQA/IRQA2 

CONTROL 

IRQA/IRQA1 

CONTROL 


CA2 OUTPUT MODE (BIT 5 = 1) 


7 

6 

5 

4 

3 

2 

1 

0 

IRQA1 

FLAG 

0 

CA2 OUTPUT 
MODE SELECT 
( = 1) 

CA2 

OUTPUT 

CONTROL 

CA2 

RESTORE 

CONTROL 

DDRA/ORA 

SELECT 

IRQA1 

TRANSITION 

SELECT 

IR^ 

ENABLE 

FOR IRQA1 

CA2 

CONTROL 

IRQA/IRQA1 

CONTROL 


CA2 INPUT OR OUTPUT MODE (BIT 5 = 0 OR 1) 


Bit 7 

IRQA1 FLAG 

1 

A transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register A 
or by RES. 

0 

No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. 

Bit 2 

DATA DIRECTION REGISTER A/OUTPUT REGISTER A SELECT 

1 

Select Output Register A. 

0 

Select Data Direction Register A. 

Bit 1 

IRQA1 TRANSITION SELECT 

1 

Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1 . 

0 

Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1 . 

BitO 

IR^ ENABLE FOR IRQA1 

1 

Enable assertion of IRQA when IRQA1 Flag (bit 7) is set. 

0 

Disable assertion of IRQA when IRQA1 Flag (bit 7) is set. 


CA2 INPUT MODE (BIT 5 = 0) 


Bit 6 IRQA2 FLAG 

1 A transition has occurred on CA2 that satisfies the bit 4 
IRQA2 transition polarity criteria. This flag is cleared by 
a read of Output Register A or by RES. 

0 No transition has occurred on CA2 that satisfies the 
bit 4 IRQA2 transition polarity criteria. 

Bit 5 CA2 MODE SELECT 

0 Select CA2 Input Mode. 

Bit 4 IRQA2 TRANSITION SELECT 

1 Set IRQA2 Flag (bit 6) on a positive (low-to-high) transition 
of CA2. 

0 , Set IRQA2 Flag (bit 6) on a negative (high-to-low) transition 

of CA2. 

Bit 3 IMa ENABLE FO R IRQA 2 

1 Enable assertion of IRQA when IRQA2 Flag (bit 6) is set. 

0 Disable assertion of IRQA when IRQA2 Flag (bit 6) is set. 


CA2 OUTPUT MODE (BIT 5 = 0) 


Bit 6 NOT USED 

0 Always zero. 

Bit 5 CA2 MODE SELECT 

1 Select CA2 Output Mode. 

Bit 4 CA2 OUTPUT CONTROL 

1 CA2 goes low when a zero is written into CRA bit 3. 

CA2 goes high when a one is written into CRA bit 3. 

0 CA2 goes low on the first negative (high-to-low) 02 clock 
transition following a read of Output Register A. 

CA2 returns high as specified by bit 3 

Bit 3 CA2 READ STROBE RESTORE CONTROL (4 = 0) 

1 CA2 returns high on the next 02 clock negative 
transition following a read of Output Register A. 

0 CA2 returns high on the next active CA1 transition 
following a read of Output Register A as specified by 
bit 1. 


Figure 4. Control Line Operations Summary (1 of 2) 
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Peripheral Interface Adapter (PIA) 


CONTROL REGISTER B (CRB) 


CB2 INPUT MODE (BIT 5 = 0) 


7 

6 

5 

4 

3 

2 

1 

0 

IRQB1 

FLAG 

IRQB2 

FLAG 

CB2 INPUT 
MODE SELECT 
( = 0) 

IRQB2 

TRANSITION 

SELECT 

IR^ 

ENABLE 

FOR IRQB2 

DDRB/ORB 

SELECT 

IRQB1 

TRANSITION 

SELECT 

TMb 

ENABLE 

FOR IRQB1 

IRQB/IRQB2 

CONTROL 

IRQB/IRQB1 

CONTROL 


CB2 OUTPUT MODE (BIT 5 = 1) 


7 

6 

5 

4 

3 

2 

1 

0 

IRQB1 

FLAG 

0 

CB2 OUTPUT 
MODE SELECT 
(-1) 

CB2 

OUTPUT 

CONTROL 

CB2 

RESTORE 

CONTROL 

DDRB/ORB 

SELECT 

IRQB1 

TRANSITION 

SELECT 

IrM 

ENABLE 

FOR IRQB1 

CB2 

CONTROL 

IRQB/IRQB1 

CONTROL 


CB2 INPUT OR OUTPUT MODE (BIT 5 = 0 OR 1) 


Bit 7 

IRQB1 FLAG 

1 

A transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register B 
or by RES. 

0 

No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. 

Bit 2 

DATA DIRECTION REGISTER B/OUTPUT REGISTER B SELECT 

1 

Select Output Register B. 

0 

Select Data Direction Register B. 

Bit 1 

IRQB1 TRANSITION SELECT 

1 

Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1. 

0 

Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1. 

BitO 

IrM enable FOR IRQB1 

1 

Enable assertion of IRQB when IRQB1 Flag (bit 7) is set. 

0 

Disable assertion of IRQB when IRQB1 Flag (bit 7) is set. 


CB2 INPUT MODE (BIT 5 = 0) 


CB2 OUTPUT MODE (BIT 5 = 0) 


Bite 

IRQB2 FLAG 

1 

A transition has occurred on CB2 that satisfies the bit 4 
IRQB2 transition polarity criteria. This flag is cleared by 
a read of Output Register B or by RES. 

0 

No transition has occurred on CB2 that satisfies the 
bit 4 IRQB2 transition polarity criteria. 

Bits 

CB2 MODE SELECT 

0 

Select CB2 Input Mode. 

Bit 4 

IRQB2 TRANSITION SELECT 

1 

Set IRQB2 Flag (bit 6) on a positive (low-to-high) transition 
of CB2. 

0 

Set 1RQB2 Flag (bit 6) on a negative (high-to-low) transition 
of CB2. 

Bit 3 

Ir^ enable FOR IRQB2 

1 

Enable assertion of IRQB when IRQB2 Flag (bit 6) is set. 

0 

Disable assertion of IRQB when IRQA2 Flag (bit 6) is set. 


Bite 

NOT USED 

0 

Always zero. 

Bits 

CB2 MODE SELECT 

1 

Select CB2 Output Mode. 

Bit 4 

CB2 OUTPUT CONTROL 

1 

CB2 goes low when a zero is written into CRB bit 3. 

CB2 goes high when a one is written into CRB bit 3. 

0 

CB2 goes low on the first negative (high-to-low) 02 clock 
transition following a read of Output Register B. 

CB2 returns high as specified by bit 3 

Bit 3 

CB2 READ STROBE RESTORE CONTROL (4 = 0) 

1 

CB2 returns high on the next 02 clock negative 
transition following a read of Output Register B. 

0 

CB2 returns high on the next active CB1 transition 
following a read of Output Register B as specified by 
bit 1. 


Figure 4. Control Line Operations Summary (2 of 2) 
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R65C21 


Peripheral Interface Adapter (PI A) 


READING THE PERIPHERAL A I/O PORT 

Performing a Read operation with RS1 =0, RSO = 0 and the Data 
Direction Register Access Control bit (CRA-2) = 1 , directly trans- 
fers the data on the Peripheral A I/O lines to the data bus. In this 
situation, the data bus will contain both the input and output data. 
The processor must be programmed to recognize and interpret 
only those bits which are important to the particular peripheral 
operation being performed. 

Since the processor always reads the Peripheral A I/O port pins 
instead of the actual Peripheral Output Register (ORA), it is 
possible for the data read by the processor to differ from the 
contents of the Peripheral Output Register for an output line. 
This is true when the I/O pin is not allowed to go to a full 


+ 2.4 Vdc when the Peripheral Output register contains a logic 1 . 
In this case, the processor will read a 0 from the Peripheral A pin, 
even though the corresponding bit in the Peripheral Output 
register is a 1 . 


READING THE PERIPHERAL B I/O PORT 

Reading the Peripheral B I/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data Is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. It 
is therefore possible to load down the Peripheral B Output lines 
without causing incorrect data to be transferred back to the 
processor on a Read operation. 



Figure 5. Read Timing Waveforms 
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R65C21 Peripheral Interface Adapter (PIA) 



Figure 6. Write Timing Waveform 
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Peripheral Interface Adapter (PIA) 


SWITCHING WAVEFORMS 

(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = TlIo Th, unless otherwise noted) 

BUS TIMING 


Parameter 

— 

Symbol 

1 MHz 

2 MHz 

3 MHz 

4 MHz 

Unit 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

02 Cycle 

tcYC 

1.0 

— 

0.5 


0.33 

__ 

0.25 


tis 

02 Pulse Width 

tc 

450 

— 

220 

— 

160 


110 

— 

ns 

02 Rise and Fall Time 

trc> ^fc 

— 

25 

— 

15 

— 

12 

— 

10 

ns 

Read 

Address Set-Up Time 

UCR 

140 

— 

70 

— 

53 

— 

35 

— 

ns 

Address Hold Time 

tcAR 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

Peripheral Data Set-Up Time 

tpCR 

300 

— 

150 

— 

110 

— 

75 

— 

ns 

Data Bus Delay Time 

^CDR 

— 

335 

— 

145 

— 

105 

— 

85 

ns 

Data Bus Hold Time 

tHR 

20 

— 

20 

— 

20 

— 

20 

— 

ns 

Write 

Address Set-Up Time 

Ucw 

140 

— 

70 

— 

53 

— 

35 

— 

ns 

Address Hold Time 

tcAW 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

R/W Set-Up Time 

twcw 

180 

— 

90 

— 

67 

— 

45 

— 

ns 

R/W Hold Time 

tcww 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

Data Bus Set-Up Time 

tocw 

180 

— 

90 

— 

67 

— 

45 

— 

ns 

Data Bus Hold Time 

tnw 

10 

— 

10 

— 

10 

— 

10 

— 

ns 

Peripheral Data Delay Time 

tcPW 

— 

1.0 

— 

0.5 

— 

0.5 

— 

0.5 

ixs 

Peripheral Data Delay Time 
to CMOS Level 

^CMOS 

— 

2.0 

— 

1.0 

— 

0.7 

_ 

0.5 

liS 


PERIPHERAL INTERFACE TIMING 


Peripheral Data Set-Up 

tpcR 

300 

— 

150 

— 

110 

— 

75 

— 

ns 

02 Low to CA2 Low Delay 

^CA2 

— 

1.0 

— 

0.5 

— 

0.5 

— 

0.5 

/iS 

02 Low to CA2 High Delay 

tRSl 

— 

1.0 

— 

0.5 

— 

0.5 

— 

0.5 

fiS 

CA1 Active to CA2 High Delay 

tRS2 

— 

2.0 

— 

1.0 

— 

1.0 

— 

1.0 

IXS 

02 High to CB2 Low Delay 

tCB2 

— 

1.0 

— 

0.5 

— 

0.5 

— 

0.5 

fiS 

Peripheral Data Valid to CB2 Low Delay 

toe 

0 

1.5 

0 

0.75 

0 

0.5 

0 

0.37 

(iS 

02 High to CB2 High Delay 

tRS1 

— 

1.0 

— 

0.5 

— 

0.5 

— 

0.5 

(XS 

CB1 Active to CB2 High Delay 

tRS2 

— 

2.0 

— 

1.0 

— 

0.67 

— 

0.5 

IxS 

CA1, CA2, CB1 and CB2 

Input Rise and Fall Time 

tn tf 

— 

1.0 

— 

1.0 

— 

1.0 

— 

1.0 

liS 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 Vdc and a high voltage of 2.0 Vdc. 






R65C21 


Peripheral Interface Adapter (PIA) 


ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

— 0.3 to Vqq + 0.3 

Vdc 

Output Voltage 

Vqut 

— 0.3 to Vqq +0.3 

Vdc 

Operating Temperature Range 
Commercial 

Industrial 

Ta 

Oto +70 
-40 to +85 

°C 

Storage Temperature 

Tstg 

- 55 to + 1 50 



'NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

Vcc 

5V ±5% 

Temperature Range 
Commercial 

Industrial 

Ta 

\Xo Th 

0°C to 70°C 
-40°Cto +85°C 


ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = TLto Th, unless otherwise noted) 


Parameter 

Symbol 

Min. 

Typ.3 

Max. 

Unit2 

Test Conditions 

Input High Voltage 

V,H 

+ 2.0 

— 

< 

o 

o 

V 


Input Low Voltage 

V,L 

-0.3 

— 

+ 0.8 

V 


Input Leakage Current 

l|N 




mA 

V,N = OVtoVcc 

R/W, RES, RSO, RS1 , CSO, CS2, CA1 , CB1 , 02 


— 

±1 

±2.5 


Vcc = 5.25V 

CS1 


— 


±10.0 



Input Leakage Current for Three-State Off 

•tsi 

_ 

±2 

±10 

mA 

V,N = 0.4V to 2.4V 

D0-D7, PB0-PB7, CB2 






Vcc = 5.25V 

Input High Current 

l|H 

-200 

-300 

— 

^A 

V|H = 2.0V 

PA0-PA7, CA2 







Input Low Current 

l|L 

_ 

-2 

-3.2 

mA 

V,L = 0.8V 

PA0-PA7, CA2 





Output High Voltage 

X 

o 

> 




V 

Vcc = 4.75V 

Logic 


2.4 

— 

— 


Iload = -200/iA 

PB0-PB7, CB2 (Darlington Drive) 


1.5 

— 

— 


Load = -3.2mA 

Output Low Voltage 

VoL 

— 

— 

+ 0.4 

V 

Vcc = 4.75V 

PA0-PA7, CA2, PB0-PB7, CB2 






Load = 5.2 mA 

D0-D7, IRQA, IRQB 






Load = 1.6 mA 

Output High Current (Sourcing) 

Iqh 


1 




Logic 


-200 

-1500 i 

— 


VoH = 2.4V 

PB0-PB7, CB2 (Darlington Drive) 


-3.2 

-6 

— 

mA 

VoH = 1-5V 

Output Low Current (Sinking) 

Iql 





VoL = 0.4V 

PA0-PA7, PB0-PB7, CB2, CA2 


3.2 

— 

_ 

mA 


D0-D7, IRQA, IRQB 


1.6 

— 

— 

mA 


Output Leakage Current (Off State) 

•off 

— 

1 

±10 

ixA 

VoH = 2.4V 

IRQA, IRQB 






Vcc = 5.25V 

Power Dissipation 

Pd 

— 

7 

10 

mW/MHz 


Input Capacitance 

C|N 





Vcc = 5.0V 

D0-D7, PA0-PA7, PB0-PB7, CA2, CB2 


— 

— 

10 


V,N = ov 

R/W, RES, RSO, RSI, CSO, CS1, CS2 


— 

— 

7 

PF 

f = 2 MHz 

CA1, CBr,02 


— 

— 

20 

pF 

Ta = 25®C 

Output Capacitance 

^OUT 

_ 

— 

10 

pF 


Notes: 







1 . All units are direct current (dc) except capacitance. 






2. Negative sign indicates outward current flow, positive indicates inward flow. 





3. Typical values are shown for V^c = 5.0V and T^ 

= 25°C. 
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Peripheral Interface Adapter (PIA) 

PACKAGE DIMENSIONS 

1 

1 


40-PIN CERAMIC DIP 


140. 


21 

Tt 

i 1 



L B 

1 1 

1 1 ' 


20 

J 1 

L A J 





HdLo 




' I 

-j m-H r 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

50.29 

51.31 

1.980 

2.020 

B 

15.11 

15.88 

0.595 

0 625 

C 

2.54 

4.19 

0.100 

0.165 

D 

0 38 

0.53 

0.015 

0.021 

F 

0.76 

1.27 

0.030 

0.050 

G 

2.54 

BSC 

0.100 

BSC 

H 

0.76 

1.78 

0.030 

0.070 

J 

0.20 

0.33 

0.008 

0.013 

K 

2.54 

4.19 

0.100 

0.165 

L 

14.60 

15.37 

0.575 

0.605 

M 

0® 

10° 

0° 

10° 

N 

0.51 

1.52 

0.020 

0.060 


40-PIN PLASTIC DIP 


T n n n.n n A n.. A-ri..jQ-n-n-n-. r i.ri n a n n 



H^K ■nr^*^ -•4'* D 


MILLIMETERS 


0.20 0.30 


0.015 0.021 


0.008 0.012 


0.020 0.040 


44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


INDEX 

CORNER 





7 



PIN 1 

INDICATOR 


_Lruuuuout;uu’u 

TOP VIEW 


CHAM.J X 45° - 



SEATING PLANE 


SIDE VIEW 





DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.14 

4.39 

0.163 

0.173 

A1 

1.37 

1.47 

0.054 

0.058 

A2 

2.31 

2.46 

0 091 

0.097 

b 

0.457 TYP 

0.018 TYP 

D 

17.45 

17.60 

0.687 

0.693 

D1 

16.46 

16.56 

0.648 

0.652 

D2 

12.62 

12.78 

0.497 

0.503 

D3 

15.75 REF 

0.620 REF 

e 

1.27 BSC 

0.050 BSC 

h 

1.15 TYP 

0.045 TYP 

J 

0.25 TYP 

0.010 TYP 

a 

45° TYP 

45° TYP 

P 

0.89 TYP 

0.035 TYP 

R1 

0.25 TYP 

0.010 TYP 




SECTION A-A 

TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 


CHAM. 11 PINS 
h X 45° per SIDE 
3 PLCS EQUALLY 
SPACES 


EJECTOR PIN MARKS 
4 PLCS BOTTOM OF 
PACKAGE ONLY 
(TYPICAL) 


BOTTOM VIEW 
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R65C22 


0 ^ 

R65C22 

Rockwell 

Versatile Interface Adapter (VIA) 


DESCRIPTION 

The R65C22 Versatile Interface Adapter (VIA) is a very flexible 
I/O control device. In addition, this device contains a pair of very 
powerful 16-bit interval timers, a serial-to-parallel/parallel-to serial 
shift register and input data latching on the peripheral ports. 
Expanded handshaking capability allows control of bidirectional 
data transfers between VIA’s in multiple processor systems. 

The R65C22 includes functions for programmed control of up 
to two peripheral devices (Ports A and B). These two program 
controlled 8-bit bidirectional peripheral I/O ports allow direct inter- 
facing between the microprocessor and selected peripheral 
units. Each port has input data latching capability. Two program- 
mable Data Direction Registers (A and B) allow selection of data 
direction (input or output) on an individual line basis. 

The R65C22 also has two programmable 16-bit Interval 
Timer/Counters with latches. Timer 1 may be operated in a One- 
Shot Interrupt Mode with interrupts on each count-to-zero, or 
in a Free-Run Mode with a continuous series of evenly spaced 


interrupts. Timer 2 functions as both an interval and pulse 
counter. Serial data transfers are provided by a serial-to- 
parallel/parallel-to-serial shift register. Application versatility is 
further increased by various control registers, including— the 

Interrupt Flag Register, the Interrupt Enable Register, the 

Auxiliary Control Register and the Peripheral Control Register. 

Vss c 

1 

40 

□ CA1 


PAo c: 

2 

39 

□ CA2 


PA1 c 

3 

38 

□ RSO 


PA2 C 

4 

37 

□ RSI 


PA3 C 

5 

36 

□ RS2 

PAS 

PA4 C 

6 

35 

□ RS3 

PAS 

PAS C 

7 

34 

□ RES 

PA7 

PAS C 

8 

33 

□ DO 

PBO 

PA7 C 

9 

32 

□ D1 

NC 

PBO C 

10 

31 

□ D2 

PB1 

PB1 C 

11 

30 

□ D3 

PB2 

PB2 C 

12 

29 

□ 04 

PBS 

PB3 C 

13 

28 

□ D5 

PB4 

PB4 C 

14 

27 

□ D6 

PBS 

PBS C 

IS 

26 

□ D7 

PBS 

PBS C 

16 

25 

□ 02 


PB7 C 

17 

24 

□ CS1 


CB1 C 

18 

23 

□ ^ 


CB2 C 

19 

22 

□ R/W 


Vcc C 

20 

21 

□ 



FEATURES 

• Low power CMOS N-well silicon gate technology 

• Fully compatible with NMOS 6522 devices 

• Two 8-bit bidirectional I/O ports 

• Two 16-bit programmable timer/counters 

• Serial bidirectional peripheral I/O 

• TTL compatible peripheral control lines 

• Expanded “handshake” capability allows positive control 
of data transfers between processor and peripheral 
devices. 

• Latched output and input registers on both I/O ports 

• 1, 2, 3, and 4 MHz operation 

® Commercial and industrial temperature range versions 

• Single +5 Vdc power requirement 

• Wide variety of packages 

— 40-pin plastic and ceramic DIP 

— 44-pin plastic leaded chip carrier (PLCC) 
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39 □ RS3 
38 □ NC 
37 □ RES 
36 □ DO 
35 □ D1 
34 □ D2 
33 □ NC 
32 □ D3 
31 □ D4 
30 □ D5 
29 □ D6 


40-PIN DIP 


NC = NO INTERNAL CONNECTION 


44-PIN PLCC 


Figure 1. R65C22 Pin Assignments 
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ORDERING INFORMATION 


Part Number: 
R65C22 


Temperature Range (Tl to Th): 
Blank = 0°Cto+70®C 

E = -40°C to +85‘>C 


Frequency 

1 = 1 MHz 

2 = 2 MHz 

3 = 3 MHz 

4 = 4 MHz 


Package 

C = 40-Pin Ceramic DIP 
P = 40-Pin Plastic DIP 
j = 44-Pin Plastic Leaded 
Chip Carrier (PLCC) 


INTERFACE SIGNALS 

Figure 1 (on the front page) shows the R65C22 VIA pin assign- 
ments and Figure 2 groups the signals by functional interface. 

RESET (RK) 

Reset (RES) clears all internal registers (except T1 an d T2 
counters and latches, and the Shift Register (SR) ). In the RES 
condition, all peripheral interface lines (PA and PB) are placed 
in the input state. Also, the Timers (T1 and T2), SR and inter- 
rupt logic are disabled from operation. 

INPUT CLOCK (PHASE 2) 

The system Phase 2 (02) Input Clock controls all data transfers 
between the R65C22 and the microprocessor. 

READ/WRITE (R/W) 

The direction of the data transfers betweerUhe R65C22 and the 
system processor is co ntrolled by the R/W line in conjunction 
with the CS1 and CS2 inputs. When R/W is low (write opera- 
tion) and the R65C22 is selected, data is transferred from_the 
processor bus into the selected R65C22 register. When R/W is 
high (read operation) and the R65C22 is selected, data is trans- 
ferred from the selected R65C22 register to the processor bus. 

DATA BUS (D0-D7) 

The eight bidirectional Data Bus lines transfer data between the 
R65C22 and the microprocessor. During a read operation, the 
contents of the selected R65C22 internal register are transferred 
to the microprocessor via the Data Bus lines. During a write 
operation, the Data Bus lines serve as high impedance inputs 
over which data is transferred from the microprocessor to a 
selected R65C22 register. The Data Bus lines are in the high 
impedance state when the R65C22 is unselected. 



CHIP SELECTS (CS1, CS2) 

Normally, the two chip select lines are connected to the micro- 
processor address lines. This connection may be direct or 
through decoding. To acces s a s elected R65C22 register, CS1 
must be high (logic 1) and CS2 must be low (logic 0). 

REGISTER SELECTS (RS0-RS3) 

The Register Select inputs allow the microprocessor to select 
one of 1 6 internal registers within the R65C22. Refer to T able 1 
for Register Select coding and a functional description. 

INTERRUPT REQUEST (IRQ) 

The Interrupt Request (IRQ) output signal is generated whenever 
an internal Interrupt Flag bit is set and the corresponding Inter- 
rupt Enable bit is a Logic 1. The Interrupt Re ques t output is an 
open-drain configuration, thus allowing the IRQ signal to be 
wire-ORed to a common microprocessor IRQ input line. 

PERIPHERAL PORT A (PA0-PA7) 

Peripheral Data Port A is an 8-line, bidirectional bus for the 
transfer of data, control and status information between the 
R65C22 and a peripheral device. Each Peripheral Data Port bus 
line may be individually programmed as either an input or output 
under control of a Data Direction Register. Data flow direction 
may be selected on a line-by-line basis with intermixed input and 
output lines within the same port. When a “0” is written to any 
bit position of the Data Direction Register, the corresponding 
line will be programmed as an input. When a “1 ” is written into 
any bit position of the register, the corresponding data line will 
serve as an output. Polarity of the data output is determined by 
the Output Register, while input data may be latched into the 
Input Register under control of the CA1 line. All modes are pro- 
gram controlled by the microprocessor by way of the R65C22’s 
internal control registers. Each Peripheral Data Port line repre- 
sents two TTL loads in the input mode and will drive two standard 
TTL loads in the output mode. A typical output circuit for 
Peripheral Data Port A is shown in Figure 3. 
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PORT A CONTROL LINES (CA1, CA2) 

Control lines CA1 and CA2 serve as interrupt inputs or hand- 
shake outputs for Peripheral Data Port A. Each line controls an 
internal Interrupt Flag with a corresponding Interrupt Enable bit. 
CA1 also controls the latching of Input Data on Port A. CA1 is 
a high impedance input, while CA2 represents two standard TTL 
loads in the input mode. In the output mode, CA2 will drive two 
standard TTL loads. 

PORT B (PB0-PB7) 

Peripheral Data Port B Is an 8-llne, bidirectional bus which is 
controlled by an Output Register, Input Register and Data Direc- 
tion Register in a manner much the same as Data Port A. With 
respect to Port B, the output signal on line PB7 may be con- 
trolled by Timer 1 while Timer 2 may be programmed to count 
pulses on the PB6 line. Port B lines represent two standard TTL 
loads in the input mode and will drive two TTL loads In the 


output mode. Port B lines are also capable of sourcing 3.2 mA 
at 1 .5 Vdc In the output mode. This allows the outputs to directly 
drive Darlington transistor circuits. A typical output circuit for 
Port B is shown in Figure 3. 

PORT B CONTROL LINES (CB1, CB2) 

Control lines CB1 and CB2 serve as interrupt inputs or hand- 
shake outputs for Peripheral Data Port B. Like Port A, these two 
control lines control an internal Interrupt Flag with a correspond- 
ing Interrupt Enable bit. These lines also serve as a serial data 
port under control of the Shift Register (SR). Each control line 
represents two standard TTL loads in the input mode and can 
drive two TTL loads in the output mode. Note that CB1 and CB2 
can drive Darlington transistor circuits, because they both will 
source 3.2 mA at 1 .5 Vdc. Each line represents two standard 
TTL loads in the input mode and will drive two standard TTL 
loads in the output mode. 


Table 1. R65C22 Register Addressing 


Register 

RS Coding 

Register 

Register/Description 

Number 

RS3 

RS2 

RSI 

RSO 

Desig. 

Write (R/W = L) 

Read (R/W = H) 

0 

0 

0 

0 

0 

ORB/IRB 

Output Register B 

Input Register B 

1 

0 

0 

0 

1 

ORA/IRA 

Output Register A 

Input Register A 

2 

0 

0 

1 

0 

DDRB 

Data Direction Register B 

3 

0 

0 

1 

1 

DDRA 

Data Direction Register A 

4 

0 

1 

0 

0 

T1C-L 

T1 Low-Order Latches 

T 1 Low-Order Counter 

5 

0 

1 

0 

1 

T1C-H 

T1 High-Order Counter 

6 

0 

1 

1 

0 

T1L-L 

T 1 Low-Order Latches 

7 

0 

1 

1 

1 

T1L-H 

T1 High-Order Latches 

8 

1 

0 

0 

0 

T2C-L 

T2 Low-Order Latches 

T2 Low-Order Counter 

9 

1 

0 

0 

1 

T2C-H 

T2 High-Order Counter 

10 

1 

0 

1 

0 

SR 

Shift Register 

11 

1 

0 

1 

1 

ACR 

Auxiliary Control Register 

12 

1 

1 

0 

0 

PCR 

Peripheral Control Register 

13 

1 

1 

0 

1 

IFR 

Interrupt Flag Register 

14 

1 

1 

1 

0 

lER 

Interrupt Enable Register 

15 

1 

1 

1 

1 

ORA/IRA 

Output Register A* 

Input Register A* 


NOTE: *Same as Register 1 except no handshake. 
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FUNCTIONAL DESCRIPTION 

The internal organization of the R65C22 VIA is illustrated in 
Figure 4. 

PORT A AND PORT B OPERATION 

The R65C22 VIA has two 8-bit bidirectional I/O ports (Port A and 
Port B) and each port has two associated control lines. 

Each 8-bit peripheral port has a Data Direction Register (DDRA, 
DDRB) for specifying whether the peripheral pins are to act as 
inputs or outputs. A “0” in a bit of the Data Direction Register 
causes the corresponding peripheral pin to act as an input. A “1 ” 
causes the pin to act as an output. 

Each peripheral pin is also controlled by a bit in the Output 
Register (ORA, ORB) and the Input Register (IRA, IRB). When 
the pin is programmed as an output, the voltage on the pin is 
controlled by the corresponding bit of the Output Register. A “1 ” 
in the Output Register causes the output to go high, and a “0” 
causes the output to go low. Data may be written into Output 


Register bits corresponding to pins which are programmed as 
inputs. In this case, however, the output signal is unaffected. 

Reading a peripheral port causes the contents of the Input 
Register (IRA, IRB) to be transferred onto the Data Bus. With 
input latching disabled, IRA will always reflect the levels on the 
PA pins. With input latching enabled, IRA will reflect the levels 
on the PA pins at the time the latching occurred (via CA1). 

The IRB register operates similar to the IRA register. However, 
for pins programmed as outputs there is a difference. When read- 
ing IRA, the level on the pin determines whether a “0” or a “1” 
is sensed. When reading IRB, however, the bit stored in the out- 
put register, ORB, is the bit sensed. Thus, for outputs which have 
large loading effects and which pull an output “1 " down or which 
pull an output “0” up, reading IRA may result in reading a “0” 
when a “1” was actually programmed, and reading a “1 ” when 
a “0” was programmed. Reading IRB, on the other hand, will 
read the “1 ” or “0” level actually programmed, no matter what 
the loading on the pin. 

Figures 5 through 8 illustrate the formats of the port registers. 
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HANDSHAKE CONTROL OF DATA TRANSFERS 

The R65C22 allows positive control of data transfers between 
the system processor and peripheral devices through the opera- 
tion of “handshake” lines. Port A lines (CA1, CA2) handshake 
data on both a read and a write operation while the Port B lines 
(CB1, CB2) handshake on a write operation only. 

Read Handshake 

Positive control of data transfers from peripheral devices into 
the system processor can be accomplished very effectively using 
Read Handshaking. In this case, the peripheral device must 
generate the equivalent of a “Data Ready” signal to the 
processor signifying that valid data is present on the peripheral 


port. This signal normally interrupts the processor, which then 
reads the data, causing generation of a “Data Taken” signal. 
The peripheral device responds by making new data available. 
This process continues until the data transfer is complete. 

In the R65C22, automatic “Read” Handshaking is possible on 
the Peripheral A port only. The CA1 interrupt input pin accepts 
the “Data Ready” signal and CA2 generates the “Data Taken” 
signal. The “Data Ready” signal will set an internal flag which 
may interrupt the processor or which may be polled under pro- 
gram control. The “Data Taken” signal can either be a pulse 
or a level which is set low by the system processor and is cleared 
by the “Data Ready” signal. These options are shown in Figure 9 
which illustrates the normal Read Handshake sequence. 





Figure 7. Data Direction Register B (DDRB) 


Figure 8. Data Direction Register A (DDRA) 
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Figure 9. Read Handshake Timing (Port A Only) 


Write Handshake 

The sequence of operations which allows handshaking data from 
the system processor to a peripheral device is very similar to 
that described for Read Handshaking. However, for Write Hand- 
shaking, the R65C22 generates the “Data Ready” signal and 
the peripheral device must respond with the “Data Taken” sig- 
nal. This can be accomplished on both the PA port and the PB 
port on the R65C22. CA2 or CB2 act as a “Data Ready” output 
in either the handshake mode or pulse mode and CA1 or CB1 
accept the “Data Taken” signal from the peripheral device, set- 
ting the interrupt flag and clearing the “Data Ready” output. 
This sequence is shown in Figure 10. 

Latching 

The PA port and the PB port on the R65C22 can be enabled 
in the Auxiliary Control Register (Figure 14) to be latched by 
their individual port control lines (CA1, CB1). Latching is selec- 
table to be on the rising or falling edge of the signal at each indi- 
vidual port control line. Selection of operating modes for CA1 , 
CA2, CB1 and CB2 is accomplished by the Peripheral Control 
Register (Figure 11). 




Figure 10. Write Handshake Timing 
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COUNTER/TIMERS 

There are two independent 16-bit counter/timers (called Timer 1 
and Timer 2) in the R65C22. Each timer is controlled by writing 
bits into the Auxiliary Control Register (ACR) to select the mode 
of operation (Figure 14). 

Timer 1 Operation 

Interval Timer T1 consists of two 8-bit latches (Figure 12) and 
a 16-bit counter (Figure 13). The latches store data which is to 
be loaded into the counter. After loading, the counter decrements 
at 02 clock rate. Upon reaching zero, an interrupt flag is set, 
and IRQ goes low if the T1 interrupt is enabled. Timer 1 then 


disables any further interrupts and automatically transfers the 
contents of the latches into the counter and continues to decre- 
ment. In addition, the timer may be programmed to invert the 
output signal on peripheral pin PB7 each time it “times-out”. 
Each of these modes is discussed separately below. 

Note that the processor does not write directly into the low-order 
counter (T1C-L). Instead, this half of the counter is loaded 
automatically from the low order latch (T1L-L) when the 
processor writes into the high order counter (T1C-H). In fact, it 
may not be necessary to write to the low order counter in some 
applications since the timing operation is triggered by writing 
to the high order latch. 


REG 6-TlMER 1 LOW-ORDER LATCH 


REG 7— TIMER 1 HIGH-ORDER LATCH 


7 6 5 4 3 2 1 0 


WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES THIS OPERATION IS NO 
DIFFERENT THAN A WRITE INTO 
REG 4 

READ - 8 BITS FROM T1 LOW-ORDER LATCHES 
TRANSFERRED TO MPU UNLIKE REG 4 
OPERATION, THIS DOES NOT CAUSE 
RESET OF Tl INTERRUPT FLAG 


- 2048 _ COUNT 

- 4096 VALUE 


WRITE - 8 BITS LOADED INTO Tl HIGH-ORDER 
LATCHES. UNLIKE REG 4 OPERATION 
NO LATCH-TO-COUNTER TRANSFERS 
TAKE PLACE. Tl INTERRUPT FLAG IS 
RESET. 


Figure 12. Timer 1 (Tl) Latch Registers 


REG 4--TIMER 1 LOW-ORDER COUNTER 


REG 5-TIMER 1 HIGH-ORDER COUNTER 



WRITE - 8 BITS LOADED INTO Tl LOW-ORDER 
LATCHES LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH- 
ORDER COUNTER IS LOADED (REG 5) 
READ - 8 BITS FROM Tl LOW-ORDER COUNTER 
TRANSFERRED TO MPU IN ADDITION. 
Tl INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER) 


WRITE - 8 BITS LOADED INTO Tl HIGH-ORDER 
LATCHES. ALSO, AT THIS TIME BOTH 
HIGH- AND LOW-ORDER LATCHES ARE 
TRANSFERRED INTO Tl COUNTER 
Tl INTERRUPT FLAG ALSO IS RESET 


Figure 13. Timer 1 (Tl) Counter Registers 
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REG 11— AUXILIARY CONTROL REGISTER 


T1 TIMER CONTROL- 


TIMED INTERRUPT 
EACH TIME T1 IS 
LOADED 


TIMED INTERRUPT 
EACH TIME T1 IS 
LOADED 


SQUARE 

WAVE 

OUTPUT 


T2 TIMER CONTROL - 


5l OPERATION 


TIMED INTERRUPT 


LATCH ENABLE-DISABLE 


- SHIFT REGISTER CONTROL 


4 

3 

2 

OPERATION 

0 

tF 

0 

DISABLED 

0 

0 

1 

SHIFT IN UNDER CONTROL OF T2 

0 

1 


SHIFT IN UNDER CONTROL OF t2 

0 

1 

2 

SHIFT IN UNDER CONTROL OF EXT CLK 

1 

0 

0 

SHIFT OUT FREE RUNNING AT T2 RATE 

1 

0 

1 

SHIFT OUT UNDER CONTROL OF T2 

1 

1 

£ 

SHIFT OUT UNDER CONTROL OF t2 

1 

1 

1 

SHIFT OUT UNDER CONTROL OF EXT CLK 


Figure 14. Auxiliary Control Register (ACR) 


Timer 1 One-Shot Mode 

The Timer 1 one-shot mode generates a single interrupt for each 
timer load operation. As with any interval timer, the delay 
between the “write T1C-H” operation and generation of the proc- 
essor interrupt is a direct function of the data loaded into the 
timing counter. In addition to generating a single Interrupt, 
Timer 1 can be programmed to produce a single negative pulse 
on the PB7 peripheral pin. With the output enabled (ACR7 = 1) 
a “write T1C-H” operation will cause PB7 to go low. PB7 will 
return high when Timer 1 times out. The result is a single pro- 
grammable width pulse. 


Timing for the R65C22 interval timer one-shot modes is shown 
in Figure 15. 


In the one-shot mode, writing into the T1L-H has no effect on 
the operation of Timer 1. However, it will be necessary to 
assure that the low order latch contains the proper data before 
Initiating the count-down with a “write T1C-H” operation. When 
the processor writes into the high order counter (T1C-H), the 
T1 interrupt flag will be cleared, the contents of the low order 
latch will be transferred into the low order counter, and the timer 
will begin to decrement at system clock rate. If the PB7 output 
is enabled, this signal will go low on the falling edge of 02 follow- 
ing the write operation. When t he co unter reaches zero, the T1 
interrupt flag will be set, the IRQ pin will go low (interrupt 
enabled), and the signal on PB7 will go high. At this time the 
counter will continue to decrement at system clock rate. This 
allows the system processor to read the contents of the counter 
to determine the time since interrupt. However, the T 1 interrupt 
flag cannot be set again unless it has been cleared as describ- 
ed in this specification. 
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Timer 1 Free-Run Mode 

The most important advantage associated with the latches in T1 
is the ability to produce a continuous series of evenly spaced 
interrupts and the ability to produce a square wave on PB7 whose 
frequency is not affected by variations in the processor interrupt 
response time. This is accomplished in the “free-running” mode. 

In the free-running mode, the interrupt flag is set and the signal 
on PB7 is inverted each time the counter reaches zero at which 
time the timer automatically transfers the contents of the latch 
into the counter (16 bits) and continues to decrement from there. 
The interrupt flag can be cleared by writing T1C-H or T1L-H, by 
reading T1C-L, or by writing directly into the flag as described 
later. However, it is not necessary to rewrite the timer to enable 
setting the interrupt flag on the next time-out. 

All interval timers in the R65C22 are “re-triggerable”. Rewriting 
the counter will always re-initialize the time-out period. In fact, 


the time-out can be prevented completely if the processor con- 
tinues to rewrite the timer before it reaches zero. Timer 1 will 
operate in this manner if the processor writes into the high order 
counter (TIC-H). However, by loading the latches only, the 
processor can access the timer during each down-counting 
operation without affecting the time-out in process. Instead, the 
data loaded into the latches will determine the length of the next 
time-out period. This capability is particularly valuable in the free- 
running mode with the output enabled. In this mode, the signal 
on PB7 is inverted and the interrupt flag is set with each time- 
out. By responding to the interrupts with new data for the latches, 
the processor can determine the period of the next half cycle 
during each half cycle of the output signal on PB7. In this manner, 
very complex waveforms can be generated. 

A precaution to take in the use of PB7 as the timer output con- 
cerns the Data Direction Register contents for PB7. Both DDRB 
bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer 
output. If one is 1 and other is 0, then PB7 functions as a nor- 
mal outpin pin, controlled by ORB bit 7. 



Timer 2 Operation 

Timer 2 operates as an interval timer (in the “one-shot” mode 
only), or as a counter for counting negative pulses on the PB6 
peripheral pin. A single control bit in the Auxiliary Control Register 
selects between these two modes. This timer is comprised of 
a “write-only” lower-order latch (T2L-L), a “read-only” low-order 
counter (T2C-L) and a read/write high order counter (T2C-H). The 
counter registers act as a 16-bit counter which decrements at 
02 rate. Figure 17 illustrates the T2 Latch/Counter Registers. 

Timer 2 One-Shot Mode 

As an interval timer, T2 operates in the “one-shot” mode similar 
to Timer 1. In this mode, T2 provides a single interrupt for each 
“write T2C-H” operation. After timing out, the counter will con- 
tinue to decrement. However, setting of the interrupt flag is dis- 
abled after initial time-out so that it will not be set by the counter 


decrementing again through zero. The processor must rewrite 
T2C-H to enable setting of the interrupt flag. The interrupt flag 
Is cleared by reading T2C-L or by writing T2C-H. Timing for this 
operation is shown in Figure 18. 

Timer 2 Pulse Counting Mode 

In the pulse counting mode, T2 counts a predetermined number 
of negative-going pulses on PB6. This is accomplished by first 
loading a number into T2. Writing into T2C-H clears the inter- 
rupt flag and allows the counter to decrement each time a pulse 
Is applied to PB6. The interrupt flag is set when T2 counts down 
past zero. The counter will then continue to decrement with each 
pulse on PB6. However, it is necessary to rewrite T2C-H to allow 
the interrupt flag to set on a subsequent time-out. Timing for this 
mode is shown in Figure 19. The pulse must be low on the leading 
edge of 02. 
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REG 8-TIMER 2 LOW-ORDER LATCH/COUNTER 


REG 9— TIMER 2 HIGH-ORDER LATCH/COUNTER 




READ- 8 BITS FROM T2 LOW ORDER COUNTER 
TRANSFERRED TO MPU. T2 INTERRUPT 
FLAG IS RESET 


8BITS LOADED INTO T’ HIGH ORDER 
COUNTER ALSO, LOW ORDER LATCH 
TRANSFERRED TO LOW ORDER 
COUNTER IN ADDITION, T2 INTERRUPT 
FLAG IS RESET 


Figure 17. Timer 2 (T2) Latch/Counter Registers 



Figure 18. Timer 2 One-Shot Mode Timing 


WRITE T2C-H 
OPERATION 


IRQ OUTPUT 
T2 COUNTER 



Figure 19. Timer 2 Pulse Counting Mode 
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SHIFT REGISTER OPERATION 

The Shift Register (SR) performs serial data transfers into and 
out of the CB2 pin under control of an internal modulo-8 coun- 
ter. Serial data transfer in and out of the Shift Register (SR) begin 
with the most significant bit (MSB) first. Shift pulses can be 
applied to the CB1 pin from an external source or, with the proper 
mode selection, shift pulses generated internally will appear on 
the CB1 pin for controlling external devices. 

The control bits which select the various shift register operating 
modes are located in the Auxiliary Control Register. Figure 20 
illustrates the configuration of the SR data bits and Figure 21 
shows the SR control bits of the ACR. 

SR Mode 0 — Shift Register Interrupt Disabled 

Mode 0 disables the Shift Register interrupt. In this mode the 
microprocessor can write or read the SR and the SR will shift 
on each CB1 positive edge shifting in the value on CB2. In this 
mode the SR interrupt Flag is disabled (held to a logic 0). 

SR Mode 1 — Shift In Under Control of T2 

In mode 1, the shifting rate is controlled by the low order 8 bits 
of T2 (Figure 22). Shift pulses are generated on the CB1 pin to 


control shifting in external devices. The time between transitions 
of this output clock is a function of the system clock period and 
the contents of the low order T2 latch (N). 

The shifting operation is triggered by the read or write of the SR 
if the SR flag is set in the IFR. Otherwise the first shift will occur 
at the next time-out of T2 after a read or write of the SR. The 
input data should change before the positive-going edge of CB1 
clock pulse. This data is shifted into the shift register during the 
02 clock cycle following the positive-going edge of the CB1 clock 
pulse. After 8 CB 1 clock pulses, the shift register interrupt flag 
will set and IRQ will go low. 


SR Mode 2 — Shift In Under 02 Control 

In mode 2, the shift rate is a direct function of the system clock 
frequency (Figure 23). CB1 becomes an output which generates 
shift pulses for controlling external devices. Timer 2 operates 
as an independent interval timer and has no effect on SR. The 
shifting operation is triggered by reading or writing the Shift 
Register. Data is shifted, first into bit 0 and is then shifted into 
the next higher order bit of the shift register on the trailing edge 
of each 02 clock pulse. After 8 clock pulses, the shift register 
Interrupt flag will be set, and the output clock pulses on CB1 
will stop. 


REG 10— SHIFT REGISTER 

TTTTrmTTTrn 



INTO BIT 0, 

2. WHEN SHIFTING IN, BITS INITIALLY ENTER 
BIT 0 AND ARE SHIFTED TOWARDS BIT 7 


REG 11 -AUXILIARY CONTROL REGISTER 


7 6 5 4 3 2 1 0 


SHIFT REGISTER 
MODE CONTROL 


4 

3 

2 

OPERATION 

0 

0 

0 

DISABLED 

0 

0 

1 

SHIFT IN UNDER CONTROL OF T2 

0 

1 

0 

SHIFT IN UNDER CONTROL OF 02 

0 

1 

1 

SHIFT IN UNDER CONTROL OF EXT CLK 

_LJ 



SHIFT OUT FREE RUNNING AT T2 RATE 

1 

0 

1 

SHIFT OUT UNDER CONTROL OF T2 

1 

1 

0 

SHIFT OUT UNDER CONTROL OF 02 

1 

1 

v 

SHIFT OUT UNDER CONTROL OF EXT CLK 


Figure 20. Shift Register 


Figure 21. Shift Register Modes 
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Figure 22. SR Mode 1 — Shift In Under T2 Control 
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SR Mode 3 — Shift In Under CB1 Control 

In mode 3, external pin CB1 becomes an input (Figure 24). This 
allows an external device to load the shift register at its own pace. 
The shift register counter will interrupt the processor each time 
8 bits have been shifted in. The shift register stops after 8 counts 
and must be reset to start again. Reading or writing the Shift 
Register resets the Interrupt Flag and initializes the SR counter 
to count another 8 pulses. 

Note that the data is shifted during the first system clock cycle 
following the positive-going edge of the CB1 shift pulse. For this 
reason, data must be held stable during the first full cycle fol- 
lowing CB1 going high. 

SR Mode 4 — Shift Out Under T2 Control (Free-Run) 

Mode 4 is very similar to mode 1 in which the shifting rate is 


set by T2. However, in mode 4 the SR Counter does not stop 
the shifting operation (Figure 25). Since the Shift Register bit 7 
(SR7) is recirculated back into bit 0, the 8 bits loaded into the 
shift register will be clocked onto CB2 repetitively. In this mode 
the shift register counter is disabled. 

SR Mode 5 — Shift Out Under T2 Control 

In mode 5, the shift rate is controlled by T2 (as in mode 1). The 
shifting operation is triggered by the read or write of the SR if 
the SR flag is set in the IFR (Figure 26). Otherwise the first shift 
will occur at the next time-out of T2 after a read or write of the 
SR. However, with each read or write of the shift register the SR 
Counter is reset and 8 bits are shifted onto CB2. At the same 
time, 8 shift pulses are generated on CB1 to control shifting in 
external devices. After the 8 shift pulses, the shifting is disabled, 
the SR Interrupt Flag is set and CB2 remains at the last data level. 



Figure 23. SR Mode 2 — Shift In Under 02 Control 



Figure 24. SR Mode 3 — Shift In Under CB1 Control 



Figure 25. SR Mode 4 — Shift Out Under T2 Control (Free-Run) 
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SR Mode 6 — Shift Out Under 02 Control 

In mode 6, the shift rate is controlled by the 02 system clock 
(Figure 27). 

SR Mode 7 — Shift Out Under CB1 Control 

In mode 7, shifting is controlled by pulses applied to the CB1 
pin by an external device (Figure 28). The SR counter sets the SR 


Interrupt Flag each time it counts 8 pulses but it does not disable 
the shifting function. Each time the microprocessor, writes or 
reads the shift register, the SR Interrupt Flag is reset and the 
SR counter is initialized to begin counting the next 8 shift pulses 
on pin CB1. After 8 shift pulses, the Interrupt Flag is set. The 
microprocessor can then load the shift register with the next byte 
of data. 
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INTERRUPT OPERATION 

Controlling interrupts within the R65C22 involves three principal 
operations. These are flagging the interrupts, enabling interrupts 
and signaling to the processor that an active interrupts exists 
within the chip. Interrupt flags are set in the Interrupt Flag 
Register (IFR) by conditions detected within the R65C22 or on 
inputs to the R65C22. These flags normally remain set until the 
interrupt has been serviced. To determine the source of an inter- 
rupt, the microprocessor must examine these flags in order, from 
highest to lowest priority. 

Associated with each interrupt flag is an interrupt enable bit in 
the Interrupt Enable Register (lER). This can be set or cleared 
by the processor to enable interrupting the processor from the 
corresponding interrupt flag. If an interrupt flag is set to a logic 1 
by an interrupting condition, and the corresponding inte rrup t 
enable bit i s set to a 1, the Interrupt Request Output (IRQ) 
will go low. IRQ is an “open-collector” output which can be 
“wire-OR’ed” with other devices in the system to interrupt the 
processor. 

interrupt Flag Register (IFR) 

In the R65C22, all the interrupt flags are contained in one register, 
i.e., the IFR (Figure 29). In addition, bit 7 of this register will be 
read as a logic 1 when an interrupt exists within the chip. This 
allows very convenient polling of several devices within a sys- 
tem to locate the source of an interrupt. 

The Interrupt Flag Register (IFR) may be read directly by the 
processor. In addition, individual flag bits may be cleared by writ- 
ing a “1” into the appropriate bit of the IFR. When the proper 
chip select and register signals are applied to the chip, the con- 
tents of this regis ter a re placed on the data bus. Bit 7 indicates 
the status of the IRQ output. This bit corresponds to the logic 


function: IRQ = IFR6 x IER6 4-IFR5 x IER5 + IFR4 x IER4 
-t- IFRS X IER3 -f- IFR2 x IER2 + IFR1 x IER1 + IFRO x 
lERO. 

Note: 

X = logic AND, + = Logic OR. 

The IFR bit 7 is not a flag. Therefore, this bit Is not directly cleared 
by writing a logic 1 into it. It can only be cleared by clearing all 
the flags in the register or by disabling all the active interrupts 
as discussed in the next section. 

Interrupt Enable Register (lER) 

For each interrupt flag in IFR, there is a corresponding bit in the 
Interrupt Enable Register (lER) (Figure 30). Individual bits in the 
lER can be set or cleared to facilitate controlling individual inter- 
rupts without affecting others. This is accomplished by writing 
to the (lER) after bit 7 set or cleared to, in turn, set or clear 
selected enable bits. If bit 7 of the data placed on the system 
data bus during this write operation is a 0, each 1 in bits 6 through 
0 clears the corresponding bit in the Interrupt Enable Register. 
For each zero in bits 6 through 0, the corresponding bit is 
unaffected. 

Selected bits in the lER can be set by writing to the lER with 
bit 7 in the data word set to a 1. In this case, each 1 in bits 6 
through 0 will set the corresponding bit. For each zero, the cor- 
responding bit will be unaffected. This individual control of the 
setting and clearing operations allows very convenient control 
of the interrupts during system operation. 

In addition to setting and clearing lER bits, the contents of this 
register can be read at any time. Bit 7 will be read as a logic 1, 
however. 



Figure 29. Interrupt Flag Register (IFR) 


Figure 30. Interrupt Enable Register (lER) 
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SWITCHING CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 

PERIPHERAL INTERFACE TIMING 


Parameter 

Symbol 

Min. 

Max. 

Unit 

Figure 

Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals 

tp tf 

- 

1.0 

fiS 

- 

Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake 
or pulse mode) 

^CA2 

__ 

1.0 

IXS 

31a, 31b 

Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) 

tRSi 

- 

1.0 

fiS 

31a 

Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) 

^S2 

- 

2.0 

MS 

31b 

Delay Time, Clock Positive Transition to CA2 or CB2 Negative Transition (write 
handshake) 

IWHS 

0.05 

1.0 

MS 

31c, 31d 

Delay Time, Periphral Data Valid to CB2 Negative Transition 

*DS 

0.20 

1.5 

liS 

31c, 31d 

Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) 

^RSS 

- 

1.0 

MS 

31c 

Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 Positive Transition 
(handshake mode) 

1rS4 

— 

2.0 

fiS 

31d 

Delay Time Required from CA2 Output to CA1 Active Transition (handshake mode) 

^21 

400 

- 

ns 

31d 

Setup Time, Peripheral Data Valid to CA1 or CB1 Active Transition (input latching) 

t|L 

300 

- 

ns 

31e 

CA1, CB1 Setup Prior to Transition to Arm Latch 

Ul 

300 

- 

ns 

31e 

Peripheral Data Hold After CA1, CB1 Transition 

*PDH 

150 

- 

ns 

31 e 

Shift-Out Delay Time — Time from 02 Falling Edge to CB2 Data Out 

^SR1 

- 

300 

ns 

31f 

Shift-In Setup Time — Time from CB2 Data In to 02 Rising Edge 

tSR2 

300 

- 

ns 

31g 

External Shift Clock (CB1) Setup Time Relative to 02 Trailing Edge 

1SR3 

100 

Tcy 

ns 

31 g 

Pulse Width — PB6 Input Pulse 

^IPW 

2 X Tqy 

- 


31i 

Pulse Width — CB1 Input Clock 

1|CW 

2 X Tcy 

- 


31 h 

Pulse Spacing — PB6 Input Pulse 

^IPS 

2 X Tqy 

- 


31i 

Pulse Spacing — CB1 Input Pulse 

1|CS 

2 X Tqy 

- 


31 h 


BUS TIMING 




1 MHz 

2 MHz 

3 MHz 

4 MHZ 



Parameter 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Figure 

Cycle Time 

fCY 

1000 

- 

500 

- 

330 

— 

250 

- 

ns 


Phase 2 Pulse Width High 

^PWH 

470 

— 

240 

- 

160 

— 

120 

- 

ns 

32a, 

Phase 2 Pulse Width Low 

^PWL 

470 

— 

240 

- 

160 

- 

120 

- 

ns 

32b 

Phase 2 Transition 

^R.F 

- 

30 

- 

30 

- 

30 

- 

30 

ns 


Read | 

Select, R/W Setup 

UCR 

160 

— 

90 

- 

65 


45 

- 

ns 


Select, R/W Hold 

^CAR 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Data Bus Delay 

*CDR 

- 

320 

_ 

150 

- 

130 

_ 

75 

ns 

32a 

Data Bus Hold 

^HR 

10 

— 

10 

- 

10 

- 

10 

- 

ns 


Peripheral Data Setup 

IpCR 

300 

- 

150 

- 

110 


75 

- 

ns 


Write 1 

Select R/W Setup 

Ucw 

160 

- 

90 

- 

65 

- 

45 

- 

ns 


Select, R/W Hold 

^CAW 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Data Bus Setup 

^DCW 

195 



75 

_ 

65 

- 

45 

- 

ns 

32b 

Data Bus Hold 

^HW 

10 

— 

10 

- 

10 

— 

10 

- 

ns 


Peripheral Data Delay 

tcpw 


1000 



500 

- 

330 

- 

250 

ns 



1-45 





Versatile Interface Adapter (VIA) 


R65C22 

PERIPHERAL INTERFACE WAVEFORMS 



Figure 31a. CA2 Timing for Read Handshake, Pulse Mode 



j ACTIVE 

TRANSITION 


Figure 31b. CA2 Timing for Read Handshake, Handshake Mode 



Figure 31c. CA2, CB2 Timing for Write Handshake, Pulse Mode 
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02 


WRITE ORA, ORB 
OPERATION 


CA2, CB2 
“DATA READY” 


PA, PB 

PERIPHERAL 

DATA 


CA1, CB1 
“DATA TAKEN” 




\ 




Figure 31 d. CA2, CB2 Timing for Write Handshake, Handshake Mode 
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‘-2.0V ^ 

n ftv 




t,L 

♦-tpDH 


CA1,CB1 \ 

INPUT LATCHING j 

rnMTnni / 


'-2.0V 

^0.8V 


w j* 

ACTIVE 

TRANSITION 


Figure 31 e. Peripheral Data Input Latching Timing 



CB1 

SHIFT CLOCK 
(INPUT OR 
OUTPUT) 



1 DELAY TIME MEASURED FROM THE FIRST <j)2 

FALLING EDGE AFTER CB1 FALLING EDGE. 


Figure 31f. Timing for Shift Out with Internal or External Shift Clocking 
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SET UP TIME MEASURED TO THE FIRST 02 
RISING EDGE AFTER CB1 RISING EDGE. 


NOTE: SET UP TIMES tsR2 AND tsR3 MUST BE OBSERVED. 


Figure 31 g. Timing for Shift In with Internal or External Shift Clocking 



Figure 31 h. External Shift Clock Timing 


PB6 

PULSE COUNT 
INPUT 



DECREMENTS 

HERE 


Figure 31 i. Pulse Count Input Timing 
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Figure 32a. Read Timing Waveforms 



Figure 32b. Write Timing Waveforms 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

V,N 

— 0.3 to Vqq +0.3 

Vdc 

Output Voltage 

Vqut 

— 0.3 to Vqq +0.3 

Vdc 

Operating Temperature 
Commercial 

Industrial 

Ta 

0 to +70 
- 40 to + 85 

“C 

Storage Temperature 

Tstg 

-55 to +150 



*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and function- 
al operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

o< 

o 

5V ±5% 

Temperature Range 
Commercial 

Industrial 

Ta 

Tl to Th 

O^C to 70‘»C 
-40®Cto +85°C 


ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min. 

Typ.3 

Max. 

Unit^ 

Test Conditions 

Input High Voltage 

V,H 




V 


Logic 


+ 2.0 

— 

Vcc 



02 


+ 2.4 

— 

Vcc 



Input Low Voltage 

V,L 




V 


Logic 


-0.3 

— 

+ 0.8 



02 


-0.4 

— 

+ 0.4 



Input Leakage Current 

•in 

— 

±1 

±2.5 


V,N = OV to Vcc 

R/W, RES, RSO, RSI, RS2, RS3, CS1, CS2, CA1, 02 






Vcc = 5.25V 

Input Leakage Current for Three-State Off 

•tsi 

_ 

±2 

±10 

fiA 

V|M = 0.4V to 2.4V 

D0-D7 





Vcc = 5.25V 

Input High Current 

i|H 

-200 

-400 

— 

mA 

V,H = 2.4V 

PA0-PA7, CA2, PB0-PB7, CB1, CB2 







Input Low Current 

IlL 

— 

-2 

-2.6 

mA 

V|L = 0.4V 

PA0-PA7, CA2, PB0-PB7, CB1 , CB2 







Output High Voltage 

VOH 





Vcc = 4.75V 

All outputs 


2.4 

— 

— 

V 

•load = 200 fiA 

PB0-PB7, CB1 and CB2 (Darlington Drive) 


1.5 

— 

— 

V 

•load^ = -3.2 mA 

Output Low Voltage 

VoL 

— 

— 

+ 0.4 

V 

Vcc = 4.75V 

PA0-PA7, CA2, PB0-PB7, CB1, CB2, 






•load = 5.2 mA 

D0-D7, IRQ 






•load =1.6 mA 

Output High Current (Sourcing) 

•oh 






Logic 


-200 ' 

-1500 

— 

nA 

Vqh = 2.4V 

PB0-PB7, CB1 and CB2 (Darlington Drive) 


-3.2 

-6 

— 

mA 

Vqh = T5V 

Output Low Current (Sinking) 

•OL 

3.2 

— 

- 

mA 

VoL = 0.4V 

Output Leakage Current (Off State) 

•off 

— 

1 

±10 

fiA 

Vqh = 2.4V 

IRQ 






Vcc = 5.25V 

Power Dissipation 

Pd 

— 

7 

10 

mW/MHz 


Input Capacitance 

C|N 





Vcc = 5.0V 

D0-D7, PA0-PA7, CA1, CA2, PB0-PB7, CB1, CB2 


— 

— 

10 

PF 

V,N = OV 

R/W, RES, RSO, RSI, RS2, RS3, CS1, CS2, 


— 

— 

7 

PF 

f = 2 MHz 

02 


— 

— 

20 

pF 

Ta = 25°C 

Output Capacitance 

CoUT 

— 

— 

10 

pF 


Notes: . 







1 . All units are direct current (DC) except for capacitance. 






2. Negative sign indicates outward current flow, positive indicates inward flow. 





3. Typical values shown for Vcc = 5.0V and Ta = 25°C 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 



44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 



CHAM. 11 PINS EJECTOR PIN MARKS 
h X 45® per side 4 PLCS BOTTOM OF 
3 PLCS EQUALLY PACKAGE ONLY 


SPACES (TYPICAL) 


BOTTOM VIEW 



R65C22 
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R65NC22/R65C22 DIFFERENCES 


R65C22 

R65NC22 

1. Register select lines are decoded during ?I2. 

1. Register select lines are decoded during 02 only if CS2 is active 
low. 

2. CB1 must not change during last 100 ns of 02. CB1 must have a 
pulse width greater than one period. 

2. CB1 can change anytime but is sampled only during 02. CB1 must 
have a pulse greater than one period. 

3. PB0-PB7 and CB1, CB2 have active pull-ups. 

3. PB0-PB7 and CB1, CB2 have passive pull ups (*3 KQ). 

4. PB0-PB7, CB1 and CB2 represent two standard TTL loads in the 
input mode and will drive two standard TTL loads in the output mode. 

4. PB0-PB7, CB1 and CB2 represent one standard TTL load in the input 
mode and will drive one standard TTL load in the output mode. 
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R65NC22 

Rockwell 

Versatile Interface Adapter (VIA) 


DESCRIPTION 

The R65NC22 Versatile Interface Adapter (VIA) is a very flexi- 
ble I/O control device. In addition, this device contains a pair 
of very powerful 16-bit interval timers, a serial-to-parallel/parallel- 
to serial shift register and input data latching on the peripheral 
ports. Expanded handshaking capability allows control of bidirec- 
tional data transfers between VIA’s in multiple processor systems. 

The R65NC22 includes functions for programmed control of up 
to two peripheral devices (Ports A and B). These two program 
controlled 8-bit bidirectional peripheral I/O ports allow direct inter- 
facing between the microprocessor and selected peripheral 
units. Each port has input data latching capability. Two program- 
mable Data Direction Registers (A and B) allow selection of data 
direction (input or output) on an individual line basis. 

The R65NC22 also has two programmable 16-bit Interval 
Timer/Counters with latches. Timer 1 may be operated in a One- 
Shot Interrupt Mode with interrupts on each count-to-zero, or 
in a Free-Run Mode with a continuous series of evenly spaced 
interrupts. Timer 2 functions as both an interval and pulse 
counter. Serial data transfers are provided by a serial-to- 
parallel/parallel-to-serial shift register. Application versatility is 
further increased by various control registers, including— the 
Interrupt Flag Register, the Interrupt Enable Register, the 
Auxiliary Control Register and the Peripheral Control Register. 


FEATURES 

• Low power CMOS N-well silicon gate technology 

• Fully compatible with NMOS 6522 devices 

• Two 8-bit bidirectional I/O ports 

• Two 16-bit programmable timer/counters 

• Serial bidirectional peripheral I/O 

• TTL compatible peripheral control lines 

• Expanded “handshake” capability allows positive control 
of data transfers between processor and peripheral 
devices. 

• Latched output and input registers on both I/O ports 

• 1, 2, 3, and 4 MHz operation 

« Commercial and industrial temperature range versions 

• Single +5 Vdc power requirement 

• Wide variety of packages 

— 40-pin plastic and ceramic DIP 

— 44-pin plastic leaded chip carrier (PLCC) 


Vss 

PAO 

PA1 

PA2 

PA3 

PA4 

PAS 

PA6 

PA7 

PBO 

PB1 

PB2 

PB3 

PB4 

PBS 

PBS 

PB7 

CB1 

CB2 

Vcc 


c 

1 

40 

□ 

c 

2 

39 

□ 

c 

3 

38 

□ 

c 

4 

37 

□ 

c 

S 

36 

□ 

c 

6 

3S 

□ 

c 

7 

34 

□ 

c 

8 

33 

□ 

c 

9 

32 

□ 

c 

10 

31 

□ 

c: 

11 

30 

□ 

c 

12 

29 

□ 

c 

13 

28 

□ 

c 

14 

27 

□ 

c 

IS 

26 

□ 

c 

16 

25 

□ 

c 

17 

24 

□ 

c 

18 

23 

□ 

c 

19 

22 

□ 

c 

20 

21 

□ 


40-PIN DIP 


CAI 

CA2 

RSO 

RSI 

RS2 

RS3 

RES 

DO 

D1 

D2 

D3 

D4 

OS 

D6 

D7 

02 

CS1 

CS2 

R/W 

iw 



RS3 

NC 

DO 

D1 

02 

NC 

D3 

D4 

DS 

D6 


NC = NO INTERNAL CONNECTION 44-PIN PLCC 


Figure 1 . R65NC22 Pin Assignments 


Document No. 29651 N98 Product Description Order No. 2198 

June 1987 
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ORDERING INFORMATION 


Part Number: 
R65NC22 


I 


Temperature Range (T|_ to Th); 
Blank = 0®Cto+70°C 

E = -40°C to +85‘’C 

Frequency 

1 = 1 MHz 

2 = 2 MHz 

3 = 3 MHz 

4 = 4 MHz 

Package 

C = 40-Pin Ceramic DIP 
p = 40-Pin Plastic DIP 
j = 44-Pin Plastic Leaded 
Chip Carrier (PLCC) 


INTERFACE SIGNALS 

Figure 1 (on the front page) shows the R65NC22 VIA pin assign- 
ments and Figure 2 groups the signals by functional interface. 

RESET (RK) 

Reset (RES) clears all internal registers (except T1 an d T2 
counters and latches, and the Shift Register (SR) ). In the RES 
condition, all peripheral interface lines (PA and PB) are placed 
in the input state. Also, the Timers (T1 and T2), SR and inter- 
rupt logic are disabled from operation. 

INPUT CLOCK (PHASE 2) 

The system Phase 2 (02) Input Clock controls all data transfers 
between the R65NC22 and the microprocessor. 

READ/WRITE (R/W) 

The direction of the data transfers between_the R65NC22 and 
the system proces sor is controlled by the R/\N line in conjunction 
with the CS1 and CS2 inputs. When RI\N is low (write opera- 
tion) and the R65NC22 is selected, data is transferred fromjhe 
processor bus into the selected R65NC22 register. When RA/V is 
high (read ojDeratlon) and the R65NC22 is selected, data is trans- 
ferred from the selected R65NC22 register to the processor bus. 

DATA BUS (D0-D7) 

The eight bidirectional Data Bus lines transfer data between the 
R65NC22 and the microprocessor. During a read operation, the 
contents of the selected R65NC22 internal register are trans- 
ferred to the microprocessor via the Data Bus lines. During a 
write operation, the Data Bus lines serve as high impedance 
inputs over which data is transferred from the microprocessor 
to a selected R65NC22 register. The Data Bus lines are in the 
high impedance state when the R65NC22 is unselected. 

CHIP SELECTS (CS1, 

Normally, the two chip select lines are connected to the micro- 
processor address lines. This connection may be direct or 
through decoding. To access a se lected R65NC22 register, CS1 
must be high (logic 1) and CS2 must be low (logic 0). 



Figure 2. R65NC22 VIA Interface Signals 

REGISTER SELECTS (RS0-RS3) 

The Register Select inputs allow the microprocessor to select 
one of 16 internal registers within the R65NC22. Refer to Table 1 
for Register Select coding and a functional description. The RS 
lines are decoded only if CS2 is low. 

INTERRUPT REQUEST (IRQ) 

The Interrupt Request (IRQ) output signal is generated whenever 
an internal Interrupt Flag bit is set and the corresponding Inter- 
rupt Enable bit is a Logic 1 . The Interrupt Re ques t output is an 
open-drain configuration, thus allowing t he IR Q signal to be 
wire-ORed to a common microprocessor IRQ input line. 

PORT A DATA LINES (PA0-PA7) 

Peripheral Data Port A is an 8-line, bidirectionai bus for the 
transfer of data, control and status information between the 
R65NC22 and a peripheral device. Each Peripheral Data Port 
bus line may be individually programmed as either an input or 
output under control of a Data Direction Register. Data flow direc- 
tion may be selected on a line-by-line basis with intermixed input 
and output lines within the same port. When a “0” is written 
to any bit position of the Data Direction Register, the correspond- 
ing line will be programmed as an input. When a “1” is written 
into any bit position of the register, the corresponding data line 
will serve as an output. Polarity of the data output is determined 
by the Output Register, while input data may be latched into the 
Input Register under control of the CA1 line. All modes are pro- 
gram controlled by the microprocessor by way of the R65NC22’s 
internal control registers. Each Peripheral Data Port line repre- 
sents two TTL loads in the input mode and will drive two standard 
TTL loads in the output mode, A typical output circuit for 
Peripheral Data Port A is shown in Figure 3. 

PORT A CONTROL LINES (CA1, CA2) 

Control lines CA1 and CA2 serve as interrupt inputs or hand- 
shake outputs for Peripheral Data Port A. Each line controls an 
internal Interrupt Flag with a corresponding Interrupt Enable bit. 
CA1 also controls the latching of Input Data on Port A. CA1 is 
a high impedance input, while CA2 represents two standard TTL 
loads in the input mode. In the output mode, CA2 will drive two 
standard TTL loads. 
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POFIT B DATA LINES (PB0-PB7) 


Peripheral Data Port B is an 8-line, bidirectional bus which Is 
controlled by an Output Register, Input Register and Data Direc- 
tion Register in a manner much the same as Data Port A. With 
respect to Port B, the output signal on line PB7 may be con- 
trolled by Timer 1 while Timer 2 may be programmed to count 
pulses on the PB6 line. Port B lines represent one standard TTL 
load in the input mode and will drive one TTL load in the output 
mode. Port B lines are also capable of sourcing 3.2 mA at 
1 .5 Vdc in the output mode. This allows the outputs to directly 


drive Darlington transistor circuits. A typical output circuit for 
Port B is shown In Figure 3. 

PORT B CONTROL LINES (CB1, CB2) 

Control lines CB1 and CB2 serve as interrupt inputs or hand- 
shake outputs for Peripheral Data Port B. Like Port A, these two 
control lines control an internal Interrupt Flag with a correspond- 
ing Interrupt Enable bit. Similar to CA1 , CB1 controls the latch- 
ing of input data on Port B. These lines also serve as a serial 
data port under control of the Shift Register (SR). Each control 
line represents one standard TTL load in the input mode and 
can drive one TTL load in the output mode. 


RS Coding 


Table 1 . R65NC22 Register Addressing 


Register Register/Descriptlon 

RSO Desig. Write (R/W = L) I Read (R/W = H) 

0 ORB/IRB Output Register B Input Register B 

1 ORA/IRA Output Register A Input Register A 

0 DDRB Data Direction Register B 

1 DDRA Data Direction Register A 

0 T1C-L T1 Low-Order Latches | T1 Low-Order Counter ' 

1 T1C-H T1 High-Order Counter 

0 T1L-L T1 Low-Order Latches 

1 T1L-H T1 High-Order Latches 

0 T2C-L T2 Low-Order Latches { T2 Low-Order Counter" 

1 T2C-H T2 High-Order Counter 

0 SR Shift Register 

1 ACR Auxiliary Control Register 

0 PCR Peripheral Control Register 

1 IFR Interrupt Flag Register 

lER Interrupt Enable Register 


1 ORA/IRA Output Register A* Input Register A* 


NOTE: *Same as Register 1 except no handshake. 


i/u 

CONTROL 

OUTPUT DATA 
INPUT DATA 



PA0-PA7, 

CA2 


a. Port A Data and Control Line Output Circuit 


CONTROL , rn~^ 

OUTPUT ;N 

INPUT DATA I T— ^(OUTPUT MOPE) ^ 

(INPUT MODE) 

b. Port B Data Line Output Circuit 


I/O CONTROL. 
OUTPUT DATA 


INPUT DATA 



c. Port B Control Line Output Circuit 


Figure 3. Port A and B Output Circuits 








R65NC22 

FUNCTIONAL DESCRIPTION 


Versatile Interface Adapter (VIA) 


The internal organization of the R65NC22 VIA Is illustrated in 
Figure 4. 


PORT A AND PORT B OPERATION 

The R65NC22 VIA has two 8-bit bidirectional I/O ports (Port A 
and Port B) and each port has two associated control lines. 

Each 8-bit peripheral port has a Data Direction Register (DDRA, 
DDRB) for specifying whether the peripheral pins are to act as 
inputs or outputs. A “0” in a bit of the Data Direction Register 
causes the corresponding peripheral pin to act as an Input. A “1” 
causes the pin to act as an output. 

Each peripheral pin is also controlled by a bit in the Output 
Register (ORA, ORB) and the Input Register (IRA, IRB). When 
the pin is programmed as an output, the voltage on the pin is 
controlled by the corresponding bit of the Output Register. A “1” 
in the Output Register causes the output to go high, and a “0” 
causes the output to go low. Data may be written into Output 


Register bits corresponding to pins which are programmed as 
inputs. In this case, however, the output signal is unaffected. 

Reading a peripheral port causes the contents of the Input 
Register (IRA, IRB) to be transferred onto the Data Bus. With 
input latching disabled, IRA will always reflect the levels on the 
PA pins. With input latching enabled, IRA will reflect the levels 
on the PA pins at the time the latching occurred (via CA1). 

The IRB register operates similar to the IRA register. However, 
for pins programmed as outputs there is a difference. When read- 
ing IRA, \he level on the pin determines whether a “0” or a “1” 
is sensed. When reading IRB, however, the bit stored in the out- 
put register, ORB, is the bit sensed. Thus, for outputs which have 
large loading effects and which pull an output “1” down or which 
pull an output “0” up, reading IRA may result in reading a “0” 
when a “1” was actually programmed, and reading a “1” when 
a “0” was programmed. Reading IRB, on the other hand, will 
read the “1” or “0” level actually programmed, no matter what 
the loading on the pin. 

Figures 5 through 8 illustrate the formats of the port registers. 
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HANDSHAKE CONTROL OF DATA TRANSFERS 

The R65NC22 allows positive control of data transfers between 
the system processor and peripheral devices through the opera- 
tion of “handshake” lines. Port A lines (CA1 , CA2) handshake 
data on both a read and a write operation while the Port B lines 
(CB1 , CB2) handshake on a write operation only. 

Read Handshake 

Positive control of data transfers from peripheral devices into 
the system processor can be accomplished very effectively using 
Read Handshaking. In this case, the peripheral device must 
generate the equivalent of a “Data Ready” signal to the 
processor signifying that valid data is present on the peripheral 


port. This signal normally interrupts the processor, which then 
reads the data, causing generation of a “Data Taken” signal. 
The peripheral device responds by making new data available. 
This process continues until the data transfer is complete. 

In the R65NC22, automatic “Read” Handshaking Is possible 
on the Peripheral A port only. The CA1 interrupt input pin accepts 
the “Data Ready” signal and CA2 generates the “Data Taken” 
signal. The “Data Ready” signal will set an internal flag which 
may interrupt the processor or which may be polled under pro- 
gram control. The “Data Taken” signal can either be a pulse 
or a level which is set low by the system processor and is cleared 
by the “Data Ready” signal. These options are shown in Figure 9 
which illustrates the normal Read Handshake sequence. 


REG O-ORB/IRB 


7 6 5 4 3 2 



PBO 

PBl 


- PB6 
. PB7 


OUTPUT REGISTER 
“B” (ORB) OR 
INPUT REGISTER 
“B" (IRB) 


MPU READS OUTPUT REGISTER 
BIT IN ORB PIN LEVEL HAS NO 
AFFECT 


MPU WRITES INTO ORB. BUT 
NO EFFECT ON PIN LEVEL. 
UNTIL DDRB CHANGED 


MPU READS INPUT LEVEL ON PB 


MPU READS IRB BIT. WHICH IS THE 
LEVEL OF THE PB PIN AT THE TIME 
OF THE LAST CBI ACTIVE 
TRANSITION 


Figure 5. Output Register B (ORB), Input Register B (IRB) 


REG 1— ORA/IRA- 



OUTPUT REGISTER 
“A” (ORA) OR 
INPUT REGISTER 
*‘A” (IRA) 


PIN 

DATA DIRECTION 
SELECTION 


WRITE 


READ 


DORA - "I" (OUTPUT) 

(INPUT LATCHING DISABLED) 
DORA - “V (OUTPUT) 

(INPUT LATCHING ENABLED) 


DORA - -0" (INPUT) 

(INPUT LATCHING DISABLED) 


DORA - "0" (INPUT) 

(INPUT LATCHING ENABLED) 


MPU WRITES OUTPUT LEVEL MPU READS LEVEL ON PA PIN 
(ORA) 

MPU READS IRA BIT WHICH IS THE 
LEVEL OFTHEPAPINATTHET1ME 
OF THE LAST CA1 ACTIVE 
TRANSITION 


MPU WRITES INTO ORA. BUT 
NO EFFECT ON PIN LEVEL. 
UNTIL ODRA CHANGED 


MPU READS LEVEL ON PA PIN 


MPU READS IRA BIT. WHICH IS THE 
LEVEL OF THE PA PIN AT THE TIME 
OF THE LAST CAl ACTIVE 
TRANSITION 


Figure 6. Output Register A (ORA), Input Register A (IRA) 


REG 2— DDRB 


REG3-DDRA 



(HIGH IMPEDANCE) 

■I” ASSOCIATED PB PIN IS AN OUTPUT 
WHOSE LEVEL IS DETERMINED BY 
ORB REGISTER BIT 


DATA DIRECTION 
REGISTER “B” (DDRB) 



(HIGH IMPEDANCE) 

"1” ASSOCIATED PA PIN IS AN OUTPUT 
WHOSE LEVEL IS DETERMINED BY 
ORA REGISTER BIT 


DATA DIRECTION 
REGISTER “A" (DDRA) 


Figure 7. Data Direction Register B (DDRB) 


Figure 8. Data Direction Register A (DDRA) 
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Figure 9. Read Handshake Timing (Port A Only) 


Write Handshake 

The sequence of operations which allows handshaking data from 
the system processor to a peripheral device is very similar to 
that described for Read Handshaking. However, for Write Hand- 
shaking, the R65NC22 generates the “Data Ready” signal and 
the peripheral device must respond with the "Data Taken” sig- 
nal. This can be accomplished on both the PA port and the PB 
port on the R65NC22. CA2 or CB2 act as a “Data Ready” out- 
put in either the handshake mode or pulse mode and CA1 or 
CB1 accept the “Data Taken” signal from the peripheral device, 
setting the interrupt flag and clearing the “Data Ready” output. 
This sequence is shown in Figure 10. 

Latching 

The PA port and the PB port on the R65NC22 can be enabled 
in the Auxiliary Control Register (Figure 14) to be latched by their 
individual port control lines (CA1, CB1). Latching is selectable 
to be on the rising or falling edge of the signal at each individ- 
ual port control line. Selection of operating modes for CA1 , CA2, 
CB1 and CB2 is accomplished by the Peripheral Control Regis- 
ter (Figure 11). 




Figure 10. Write Handshake Timing 
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COUNTER/TIMERS 

There are two independent 16-bit counter/timers (called Timer 1 
and Timer 2) in the R65NC22. Each timer Is controlled by writing 
bits into the Auxiliary Control Register (ACR) to select the mode 
of operation (Figure 14). 

Timer 1 Operation 

Interval Timer T1 consists of two 8-bit latches (Figure 12) and 
a 16-bit counter (Figure 13). The latches store data which is to 
be loaded into the counter. After loading, the counter decrements 
at 02 clock rate. Upon reaching zero, an interrupt flag is set, 
and IRQ goes low if the T1 interrupt is enabled. Timer 1 then 


disables any further interrupts and automatically transfers the 
contents of the latches into the counter and continues to decre- 
ment. In addition, the timer may be programmed to invert the 
output signal on peripheral pin PB7 each time it “times-out”. 
Each of these modes is discussed separately below. 

Note that the processor does not write directly into the low-order 
counter (T1C-L). Instead, this half of the counter is loaded 
automatically from the low order latch (T1L-L) when the 
processor writes into the high order counter (T1C-H). In fact, it 
may not be necessary to write to the low order counter in some 
applications since the timing operation is triggered by writing 
to the high order latch. 


REG 6— TIMER 1 LOW-ORDER LATCH 


REG 7— TIMER 1 HIGH-ORDER LATCH 


WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES THIS OPERATION IS NO 
DIFFERENT THAN A WRITE INTO 
REG 4. 

READ - 8 BITS FROM T1 LOW-ORDER LATCHES 
TRANSFERRED TO MPU UNLIKE REG 4 
OPERATION. THIS DOES NOT CAUSE 
RESET OF T1 INTERRUPT FLAG 


- 2048 _ COUNT 

- 4096 VALUE 


WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES. UNLIKE REG 4 OPERATION 
NO LATCH-TO-COUNTER TRANSFERS 
TAKE PLACE. T1 INTERRUPT FLAG IS 
RESET. 

READ - 8 BITS FROM T1 HIGH-ORDER LATCHES 
TRANSFERRED TO MPU. 


Figure 12. Timer 1 (T1) Latch Registers 


REG 4— TIMER 1 LOW-ORDER COUNTER 


REG 5— TIMER 1 HIGH-ORDER COUNTER 




2048 I COUNT 

4096 1 value 


WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 
COUNTER AT THE TIME THE HIGH- 
ORDER COUNTER IS LOADED (REG 5) 
READ - 8 BITS FROM T1 LOW-ORDER COUNTER 
TRANSFERRED TO MPU. IN ADDITION, 
T1 INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER) 


WRITE - 8 BITS LOADED INTO T1 HIGH-ORDER 
LATCHES ALSO, AT THIS TIME BOTH 
HIGH- AND LOW-ORDER LATCHES ARE 
TRANSFERRED INTO T1 COUNTER. 

T1 INTERRUPT FUG ALSO IS RESET. 


Figure 13. Timer 1 (T1) Counter Registers 
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Timer 1 One-Shot Mode 

The Timer 1 one-shot mode generates a single interrupt for each 
timer load operation. As with any interval timer, the delay between 
the “write T1C-H” operation and generation of the processor inter- 
rupt is a direct function of the data loaded into the timing counter. 
In addition to generating a single interrupt, Timer 1 can be 
programmed to produce a single negative pulse on the PB7 
peripheral pin. With the output enabled (ACR7 = 1) a “write T1C-H” 
operation will cause PB7 to go low. PB7 will return high when Timer 
1 times out. The result is a single programmable width pulse. 

Timing for the R65NC22 interval timer one-shot modes is shown 
in Figure 15. 

In the one-shot mode, writing into the T1L-H has no effect on 
the operation of Timer 1. However, it will be necessary to 


assure that the low order latch contains the proper data before 
initiating the count-down with a “write T1C-H” operation. When 
the processor writes into the high order counter (T1C-H), the T1 
interrupt flag will be cleared, the contents of the low order latch 
will be transferred into the low order counter, and the timer will 
begin to decrement at system clock rate. If the PB7 output is 
enabled, this signal will go low on the falling edge of 02 follow- 
ing the write operation. When t he c ounter reaches zero, the 
T1 interrupt flag will be set, the IRQ pin will go low (interrupt 
enabled), and the signal on PB7 will go high. At this time the 
counter will continue to decrement at system clock rate. This 
allows the system processor to read the contents of the counter 
to determine the time since interrupt. However, the T1 interrupt 
flag cannot be set again unless it has been cleared as described 
in this specification. 



Figure 15. Timer 1 One-Shot Mode Timing 
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Timer 1 Free-Run Mode 

The most important advantage associated with the latches in T1 
is the ability to produce a continuous series of evenly spaced 
interrupts and the ability to produce a square wave on PB7 whose 
frequency is not affected by variations in the processor interrupt 
response time. This is accomplished in the “free-running” mode. 

In the free-running mode, the interrupt flag is set and the signal 
on PB7 is inverted each time the counter reaches zero at which 
time the timer automatically transfers the contents of the latch 
into the counter (16 bits) and continues to decrement from there. 
The interrupt flag can be cleared by writing T1C-H or T1L-H, by 
reading T1C-L, or by writing directly into the flag as described 
later. However, it is not necessary to rewrite the timer to enable 
setting the interrupt flag on the next time-out. 

All interval timers in the R65NC22 are “re-triggerable”. Rewriting 
the counter will always re-initialize the time-out period. In fact, 


the time-out can be prevented completely if the processor con- 
tinues to rewrite the timer before it reaches zero. Timer 1 will 
operate in this manner if the processor writes into the high order 
counter (T1C-H). However, by loading the latches only, the 
processor can access the timer during each down-counting 
operation without affecting the time-out in process. Instead, the 
data loaded into the latches will determine the length of the next 
time-out period. This capability is particularly valuable in the free- 
running mode with the output enabled. In this mode, the signal 
on PB7 is inverted and the interrupt flag is set with each time- 
out. By responding to the interrupts with new data for the latches, 
the processor can determine the period of the next half cycle 
during each half cycle of the output signal on PB7. In this manner, 
very complex waveforms can be generated. 

A precaution to take in the use of PB7 as the timer output con- 
cerns the Data Direction Register contents for PB7. Both DDRB 
bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer 
output. If one is 1 and other is 0, then PB7 functions as a nor- 
mal outpin pin, controlled by ORB bit 7. 



Timer 2 Operation 

Timer 2 operates as an interval timer (in the “one-shot” mode 
only), or as a counter for counting negative pulses on the PB6 
peripheral pin. A single control bit in the Auxiliary Control Register 
selects between these two modes. This timer is comprised of 
a “write-only” lower-order latch (T2L-L), a “read-only” low-order 
counter (T2C-L) and a read/write high order counter (T2C-H). The 
counter registers act as a 16-bit counter which decrements at 
02 rate. Figure 17 illustrates the T2 Latch/Counter Registers. 

Timer 2 One-Shot Mode 

As an interval timer, T2 operates in the “one-shot” mode similar 
to Timer 1. In this mode, T2 provides a single interrupt for each 
“write T2C-H” operation. After timing out, the counter will con- 
tinue to decrement. However, setting of the interrupt flag is dis- 
abled after initial time-out so that it will not be set by the counter 


decrementing again through zero. The processor must rewrite 
T2C-H to enable setting of the interrupt flag. The interrupt flag 
is cleared by reading T2C-L or by writing T2C-H. Timing for this 
operation is shown in Figure 18. 

Timer 2 Pulse Counting Mode 

In the pulse counting mode, T2 counts a predetermined number 
of negative-going pulses on PB6. This is accomplished by first 
loading a number into T2. Writing into T2C-H clears the inter- 
rupt flag and allows the counter to decrement each time a pulse 
is applied to PB6. The interrupt flag is set when T2 counts down 
past zero. The counter will then continue to decrement with each 
pulse on PB6. However, it is necessary to rewrite T2C-H to allow 
the interrupt flag to set on a subsequent time-out. Timing for this 
mode is shown in Figure 19. The pulse must be low on the leading 
edge of 02. 
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REG 8— TIMER 2 LOW-ORDER LATCH/COUNTER 


REG 9— TIMER 2 HIGH-ORDER LATCH/COUNTER 




WRITE- 8 BITS LOAOEO INTO T2 LOW ORDER 
LATCH 

READ- 8 BITS FROM T2 LOW ORDER COUNTER 
TRANSFERRED TO MPU T2 INTERRUPT 
FLAG IS RESET 


8 BITS LOADED INTO T’ HIGH ORDER 
COUNTER ALSO, LOW ORDER LATCH 
TRANSFERREDTO LOW ORDER 
COUNTER IN ADDITION. T2 INTERRUPT 
FLAG IS RESET 


Figure 17. Timer 2 (T2) Latch/Counter Registers 



Figure 18. Timer 2 One-Shot Mode Timing 


WRITE T2C-H 
OPERATION . 


IRQ OUTPUT 
T2 COUNTER 



Figure 19. Timer 2 Pulse Counting Mode 
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SHIFT REGISTER OPERATION 

The Shift Register (SR) performs serial data transfers into and 
out of the CB2 pin under control of an internal modulo-8 counter. 
Serial data transfer in and out of the Shift Register (SR) begin 
with the most significant bit (MSB) first. Shift pulses can be 
applied to the CB1 pin from an external source or, with the proper 
mode selection, shift pulses generated internally will appear on 
the CB1 pin for controlling external devices. 

The control bits which select the various shift register operating 
modes are located in the Auxiliary Control Register. Figure 20 
illustrates the configuration of the SR data bits and Figure 21 
shows the SR control bits of the ACR. 

SR Mode 0 — Shift Register Interrupt Disabled 

Mode 0 disables the Shift Register interrupt. In this mode the 
microprocessor can write or read the SR and the SR will shift 
on each CB1 positive edge shifting in the value on CB2. In this 
mode the SR interrupt Flag is disabled (held to a logic 0). 

SR Mode 1 — Shift In Under Control of T2 

In mode 1, the shifting rate is controlled by the low order 8 bits 
of T2 (Figure 22). Shift pulses are generated on the CB1 pin to 
control shifting in external devices. The time between transitions 


REG 10— SHIFT REGISTER 



OUT AND SIMULTANEOUSLY IS ROTATED BACK 
INTO BIT 0. 

2. WHEN SHIFTING IN, BITS INITIALLY ENTER 
BIT 0 AND ARE SHIFTED TOWARDS BIT 7. 


of this output clock is a function of the system clock period and 
the contents of the low order T2 latch (N). 

The shifting operation is triggered by the read or write of the SR 
if the SR flag is set in the IFR. Otherwise the first shift will occur 
at the next time-out of T2 after a read or write of the SR. The 
input data should change before the positive-going edge of CB1 
clock pulse. This data is shifted into the shift register during the 
02 clock cycle following the positive-going edge of the CB1 clock 
pulse. The minimum CB1 positive pulse width must be one clock 
period. After 8 C B1 clock pulses, the shift register interrupt flag 
will set and IRQ will go low. 


SR Mode 2 — Shift In Under 02 Control 

In mode 2, the shift rate is a direct function of the system clock 
frequency (Figure 23). CB1 becomes an output which generates 
shift pulses for controlling external devices. Timer 2 operates 
as an independent interval timer and has no effect on SR. The 
shifting operation is triggered by reading or writing the Shift 
Register. Data is shifted, first into bit 0 and is then shifted into 
the next higher order bit of the shift register on the trailing edge 
of each 02 clock pulse. After 8 clock pulses, the shift register 
interrupt flag will be set, and the output clock pulses on CB1 
will stop. 


REG 11— AUXILIARY CONTROL REGISTER 


7 6 5 4 3 2 1 0 


SHIFT REGISTER 
MODE CONTROL 


4 

3 

2 

OPERATION 

0 

0 

0 

DISABLED 

0 

0 

1 

SHIFT IN UNDER CONTROL OF T2 

0 

1 

0 

SHIFT IN UNDER CONTROL OF 02 

_0^ 

J_ 

J_ 

SHIFT IN UNDER CONTROL OF EXT CLK 

1 

_0_ 

_0_ 

SHIFT OUT FREE RUNNING AT T2 RATE 

1 



SHIFT OUT UNDER CONTROL OF T2 

1 

r 


SHIFT OUT UNDER CONTROL OF 02 

1 

1 

1 

SHIFT OUT UNDER CONTROL OF EXT CLK 


Figure 20. Shift Register 


Figure 21. Shift Register Modes 


jinnjwinnnnnnnfuiririnnjijinjuu^ 

WRITE OR READ i i i i i 

SHIFT REG 

CB1 OUTPUT 
SHIFT CLOCK 
CB2 INPUT 
DATA 





IRQ 


Figure 22. SR Mode 1 — Shift In Under T2 Control 
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SR Mode 3 — Shift In Under CB1 Control the shifting operation (Figure 25). Since the Shift Register bit 7 

In mode 3, external pin CB1 becomes an input (Figure 24). This (SR7) is recirculated back into bit 0, the 8 bits loaded into the 

allows an external device to load the shift register at its own pace. register will be clocked onto CB2 repetitively. In this mode 

The shift register counter will interrupt the processor each time register counter is disabled. 

8 bits have been shifted in. The shift register stops after 8 counts 
and must be reset to start again. Reading or writing the Shift 

Register resets the Interrupt Flag and initializes the SR counter Mode 5 Shift Out Under T2 Control 

to count another 8 pulses. 1 ^^ mode 5, the shift rate is controlled by T2 (as in mode 1). The 

Note that the data is shifted during the first system clock cycle shifting operation is triggered by the read or write of the SR if 

following the positive-going edge of the CB1 shift pulse. For this the SR flag is set in the IFR (Figure 26). Otherwise the first shift 

reason, data must be held stable during the first full cycle fol- will occur at the next time-out of T2 after a read or write of the 

lowing CB1 going high. The minimum CB1 positive pulse width SR. However, with each read or write of the shift register the SR 

must be one clock period. Counter is reset and 8 bits are shifted onto CB2. At the same 

time, 8 shift pulses are generated on CB1 to control shifting in 
SR Mode 4 Shift Out Under T2 Control (Free-Run) external devices. After the 8 shift pulses, the shifting is disabled, 

Mode 4 is very similar to mode 1 in which the shifting rate is the SR Interrupt Flag is set and CB2 remains at the last 

set by T2. However, in mode 4 the SR Counter does not stop data level. 



Figure 23. SR Mode 2 — Shift In Under 02 Control 



Figure 24. SR Mode 3 — Shift In Under CB1 Control 



Figure 25. SR Mode 4 — Shift Out Under T2 Control (Free-Run) 
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SR Mode 6 — Shift Out Under 02 Control 

In mode 6, the shift rate is controlled by the 02 system clock 
(Figure 27). 

SR Mode 7 — Shift Out Under CB1 Control 

In mode 7, shifting is controlled by pulses applied to the CB1 
pin by an external device (Figure 28). The SR counter sets the SR 


Interrupt Flag each time it counts 8 pulses but it does not disable 
the shifting function. Each time the microprocessor, writes or 
reads the shift register, the SR Interrupt Flag is reset and the 
SR counter is initialized to begin counting the next 8 shift pulses 
on pin CB1. After 8 shift pulses, the Interrupt Flag is set. The 
microprocessor can then load the shift register with the next byte 
of data. 
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INTERRUPT OPERATION 

Controlling interrupts within the R65NC22 involves three prin- 
cipal operations. These are flagging the interrupts, enabling in- 
terrupts and signaling to the processor that an active interrupts 
exists within the chip. Interrupt flags are set in the Interrupt Flag 
Register (IFR) by conditions detected within the R65NC22 or on 
inputs to the R65NC22. These flags normally remain set until 
the interrupt has been serviced. To determine the source of an 
interrupt, the microprocessor must examine these flags in order, 
from highest to lowest priority. 

Associated with each interrupt flag is an interrupt enable bit in 
the Interrupt Enable Register (lER). This can be set or cleared 
by the processor to enable interrupting the processor from the 
corresponding interrupt flag. If an interrupt flag is set to a logic 1 
by an interrupting condition, and the corresponding inte rrup t 
enable bit i s set to a 1, the Interrupt Request Output (IRQ) 
will go low. IRQ is an “open-collector” output which can be 
“wire-OR’ed” with other devices in the system to interrupt the 
processor. 

Interrupt Flag Register (IFR) 

In the R65NC22, all the interrupt flags are contained in one 
register, i.e., the IFR (Figure 29). In addition, bit 7 of this register 
will be read as a logic 1 when an interrupt exists within the chip. 
This allows very convenient polling of several devices within a 
system to locate the source of an interrupt. 

The Interrupt Flag Register (IFR) may be read directly by the proc- 
essor. In addition, individual flag bits may be cleared by writing 
a “1” into the appropriate bit of the IFR. When the proper chip 
select and register signals are applied to the chip, the contents 
of this register are placed on the data bus. Bit 7 indicates the 
status of the IRQ output. This bit corresponds to the logic 


function: IRQ = IFR6 x IER6 -f-IFR5 x IER5 -f- IFR4 x IER4 
+ IFRS X IER3 + IFR2 x IER2 -f- IFR1 x IER1 -f- IFRO x 
lERO. 

Note: 

X = logic AND, + = Logic OR. 

The IFR bit 7 is not a flag. Therefore, this bit is not directly cleared 
by writing a logic 1 into it. It can only be cleared by clearing all 
the flags in the register or by disabling all the active interrupts 
as discussed in the next section. 

Interrupt Enable Register (lER) 

For each interrupt flag in IFR, there is a corresponding bit in the 
Interrupt Enable Register (lER) (Figure 30). Individual bits in the 
lER can be set or cleared to facilitate controlling individual inter- 
rupts without affecting others. This is accomplished by writing 
to the (lER) after bit 7 set or cleared to, in turn, set or clear 
selected enable bits. If bit 7 of the data placed on the system 
data bus during this write operation is a 0, each 1 in bits 6 through 
0 clears the corresponding bit in the Interrupt Enable Register. 
For each zero in bits 6 through 0, the corresponding bit is 
unaffected. 

Selected bits in the lER can be set by writing to the lER with 
bit 7 in the data word set to a 1. In this case, each 1 in bits 6 
through 0 will set the corresponding bit. For each zero, the cor- 
responding bit will be unaffected. This individual control of the 
setting and clearing operations allows very convenient control 
of the interrupts during system operation. 

In addition to setting and clearing lER bits, the contents of this 
register can be read at any time. Bit 7 will be read as a logic 1, 
however. 



Figure 29. Interrupt Flag Register (IFR) 


Figure 30. Interrupt Enable Register (lER) 
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SWITCHING CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 

PERIPHERAL INTERFACE TIMING 


Parameter 

Symbol 

Min. 

Max. 

Unit 

Figure 

Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals 

tp t, 

- 

1.0 

AS 

- 

Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake 
or pulse mode) 

tcA2 

— 

1.0 

fiS 

31a, 31b 

Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) 

^RSI 

- 

1.0 

fis 

31a 

Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) 

tRS2 

— 

2.0 

AS 

31b 

Delay Time, Clock Positive Transition to CA2 or CB2 Negative Transition (write 
handshake) 

^WHS 

0.05 

1.0 

AS 

31c, 31d 

Delay Time, Periphral Data Valid to CB2 Negative Transition 

^DS 

0.20 

1.5 

AS 

31c, 31d 

Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) 

^RSS 

— 

1.0 

AS 

31c 

Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 Positive Transition 
(handshake mode) 

tRS4 

— 

2.0 

AS 

31d 

Delay Time Required from CA2 Output to CA1 Active Transition (handshake mode) 

^21 

400 

— 

ns 

31d 

Setup Time, Peripheral Data Valid to CA1 or CB1 Active Transition (input latching) 

t.L 

300 

- 

ns 

31 e 

CA1, CB1 Setup Prior to Transition to Arm Latch 

Ul 

300 

- 

ns 

31 e 

Peripheral Data Hold After CA1, CB1 Transition 

fpDH 

150 

- 

ns 

31 e 

Shift-Out Delay Time — Time from 02 Falling Edge to CB2 Data Out 

tsRI 

- 

300 

ns 

31f 

Shift Clock Setup Time — Time from CB1 Shift Clock to 02 Rising Edge 

tsR2 

0 

- 

ns 

31g 

Pulse Width — PB6 Input Pulse 

t|PW 

2 X Tqy 

- 


31 i 

Pulse Width — CB1 Input Clock 

t|CW 

2 X Tcy 

- 


31 h 

Pulse Spacing — PB6 Input Pulse 

^IPS 

2 X Tcy 

- 


31 i 

Pulse Spacing — CB1 Input Pulse 

t|CS 

2 X Tcy 

- 


31 h 

Note: CB1 input sampled while 02 is low. | 


BUS TIMING 




1 MHz 

2 MHz 

3 MHz 

4 MHZ 



Parameter 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Figure 

Cycle Time 

tcY 

1000 

— 

500 

— 

330 

— 

250 

- 

ns 


Phase 2 Pulse Width High 

^PWH 

470 

— 

240 

— 

160 

— 

120 

- 

ns 

32a, 

Phase 2 Pulse Width Low 

tpWL 

470 

- 

240 

- 

160 

- 

120 

- 

ns 

32b 

Phase 2 Transition 

^R.F 

— 

30 

— 

30 

— 

30 

— 

30 

ns 


Read 

Select, R/W Setup 

UCR 

160 

- 

90 

— 

65 

— 

45 

- 

ns 


Select, R/W Hold 

tcAR 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Data Bus Delay 

^CDR 

_ 

320 

- 

150 

- 

130 

_ 

75 

ns 

32a 

Data Bus Hold 

^HR 

10 

- 

10 

- 

10 

- 

10 

- 

ns 


Peripheral Data Setup 

^PCR 

300 

— 

150 

— 

110 

— 

75 

- 

n^ 


Write 

Select, R/W Setup 

^ACW 

160 

— 

90 

— 

65 

— 

45 

— 

ns 


Select, R/W Hold 

^CAW 

0 

— 

0 

— 

0 

— 

0 

- 

ns 


Data Bus Setup 

^DCW 

195 

- 

75 

- 

65 

- 

45 

- 

ns 

32b 

Data Bus Hold 

^HW 

10 

- 

10 

- 

10 

- 

10 

- 

ns 


Peripheral Data Delay 

^CPW 

- 

1000 

- 

500 

- 

330 

~ 

250 

ns 
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PERIPHERAL INTERFACE WAVEFORMS 









READ IRA / 

OPERATION / 

\ 



2.0^ 


CA2 

‘DATA TAKEN ” 

\ 

^^0.8V 

h 



^ *CA2 n 

■ ‘RSI * 


Figure 31a. CA2 Timing for Read Handshake, Pulse Mode 



TRANSITION 


Figure 31b. CA2 Timing for Read Handshake, Handshake Mode 



Figure 31c. CA2, CB2 Timing for Write Handshake, Pulse Mode 
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02 





WRITE ORA, ORB 
OPERATION 



CA2, CB2 
“DATA READY” 


PA, PB 

PERIPHERAL 

DATA 


CA1, CB1 
“DATA TAKEN” 



/A 

/A- 

ACTIVE 

TRANSITION 



2.0V 

0.8V 



Figure 31 d. CA2, CB2 Timing for Write Handshake, Handshake Mode 


PA, PB 
PERIPHERAL 
INPUT DATA 


CA1, CB1 
INPUT LATCHING 
CONTROL 




"-2.0V ^ 

> 




1 - t|L 





r2.ov 

Lo.sv 


** w 

r 

ACTIVE 


TRANSITION 


Figure 31 e. Peripheral Data Input Latching Timing 



Figure 31 f. Timing for Shift Out with Internal or External Shift Clocking 
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BUS TIMING WAVEFORMS 


Versatile Interface Adapter (VIA) 



Figure 32a. Read Timing Waveforms 



Figure 32b. Write Timing Waveforms 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

V,N 

— 0.3 to Vqq +0.3 

Vdc 

Output Voltage 

VOUT 

— 0.3 to Vqq + 0.3 

Vdc 

Operating Temperature 
Commercial 

Industrial 

Ta 

0 to +70 
- 40 to + 85 


Storage Temperature 

^STG 

-55 to +150 



NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in the other sections of this document 
is not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

Vcc 

5V ±5% 

Temperature Range 
Commercial 

Industrial 

Ta 

Tl to Th 

0°C to TO^’C 
-40®Cto +85®C 


ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0. Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min. 

Typ.3 

Max. 

Unit^ 

Test Conditions 

Input High Voltage 

V,H 




V 


Logic 


+ 2.0 

— 

< 

o 

o 



Input Low Voltage 

V,L 




V 


Logic 


-0.3 

— 

+ 0.8 



Input Leakage Current 

•in 

— 

±1 

±2.5 

^cA 

V,N = OV to Vcc 

R/W, RES, RSO, RS1, RS2, RS3, CS1, CS2, CA1, 02 






Vcc = 5.25V 

Input Leakage Current for Three-State Off 

•tsi 

_ 

±2 

±10 

fiA 

V,M = 0.4V to 2.4V 

D0-D7 






Vcc = 5.25V 

Input High Current 

l|H 

-200 

-400 

— 

aA 

V,H = 2.4V 

PA0-PA7, CA2, PB0-PB7, CB1, CB2 







Input Low Current 

•iL 





V|L = 0.4V 

PA0-PA7, CA2 


— 

-1.6 

-2.6 

mA 


PB0-PB7, CB1, CB2 


— 

— 

-1.6 

mA 


Output High Voltage 

X 

o 

> 





Vcc = 4.75V 

All outputs 


2.4 

— 

— 

V 

•load = 200 fiA 

PB0-PB7 (Darlington Drive) 


1.5 

— 

— 

V 

•load^ = -3.2 mA 

Output Low Voltage 

VoL 

— 

— 

+ 0.4 

V 

Vcc = 4.75V 

PA0-PA7, CA2, D0-D7 






•load == 5.2 mA 

IRQ, PB0-PB7, CB1, CB2 






•load = 1-6 mA 

Output High Current (Sourcing) 

•oh 






All outputs 


-200 

-1500 

— 

aA 

VoH = 2.4V 

PB0-PB7 (Darlington Drive) 


-3.2 

-6 

— 

mA 

VoH = 1.5V 

CB1, CB2 


-750 

— 

— 

fxA 

VoH = 2.4V 

Output Low Current (Sinking) 

•OL 






PA0-PA7, CA2, D0-D7 


3.2 

— 

— 

mA 

VoL = 0.4V 

All others 


1.6 

— 

— 

mA 


Output Leakage Current (Off State) 

•off 

— 

1 

±10 

ixA 

VoH = 2.4V 

IRQ 






Vcc = 5.25V 

Power Dissipation 

Pd 

— 

7 

10. 

mW/MHz 


Input Capacitance 

C|N 


- 



Vcc = 5.0V 

D0-D7, PA0-PA7, CA1, CA2, PB0-PB7, CB1, CB2 


— 

— 

10 

PP 

V,N = OV 

R/W, RES, RSO, RS1, RS2, RS3, CS1, CS2 


— 

— 

7 

pF 

f = 2 MHz 

02 


— 

— 

20 

pF 

Ta = 25°C 

Output Capacitance 

f^OUT 

— 

~ 

10 

pF 


Notes: 







1. All units are direct current (DC) except for capacitance. 






2. Negative sign indicates outward current flow, positive indicates inward flow. 





3. Typical values shown for Vcc = 5.0V and Ta = 25®C. 






4. Maximum loading on CB1 and CB2 is 50 pF. 
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PACKAGE DIMENSIONS 
I 40-PIN CERAMIC DIP 



G 2,54 BSC 0.100 BSC 



40-PIN PLASTIC DIP 



44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 



CHAM. 11 PINS EJECTOR PIN MARKS 
h X 45® PER SIDE 4 PLCS BOTTOM OF 
3 PLCS EQUALLY PACKAGE ONLY 


SPACES (TYPICAL) 


BOTTOM VIEW 






R65NC22 


Versatile Interface Adapter (VIA) 


R65NC22/R65C22 DIFFERENCES 


R65C22 

R65NC22 

1. Register select lines are decoded during 

1. Register select lines are decoded during ^ only if CS2 is active 
low. 

2 . CB1 must not change during last 100 ns of 02. CB1 must have a 
pulse width greater than one period. 

2. CB1 can change anytime but is sampled only during 02. CB1 must 
have a pulse greater than one period. 

3. PB0-PB7 and CB1, CB2 have active pull-ups. 

3. PB0-PB7 and CB1, CB2 have passive pull ups (*3 KO). 

4. PB0-PB7, CB1 and CB2 represent two standard TTL loads in the 
input mode and will drive two standard TTL loads in the output mode. 

4. PB0-PB7, CB1 and CB2 represent one standard TTL load in the input 
mode and will drive one standard TTL load in the output mode. 


1-74 





R65C24 



R65C24 

Rockwell 

Peripheral Interface Adapter/Timer (PIAT) 


DESCRIPTION 

The R65C24 Peripheral Interface Adapter/Timer (PIAT) is 
designed to solve a broad range of peripheral control problems in 
the implementation of microcomputer systems. This device allows 
a very effective trade-off between software and hardware by pro- 
viding significant capability and flexibility in a low cost chip. When 
coupled with the power and speed of the R6500, R6500/* or 
R65C00 family of microprocessors, the R65C24 allows implemen- 
tation of very complex systems at a minimum overall cost. 

Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to “handshake” data between 
the processor and a peripheral device. 

The PIAT also contains one 16-bit Counter/Timer comprised of 
a 16-bit counter, two 8-bit latches associated with the counter, 
and an 8-bit snapshot latch for the upper half of the counter. 
A counter mode control register, under software direction, selects 
any one of eight counter modes of operation, and the status 
register contains an underflow flag to report counter time-out. 
A maskable interrupt request allows immediate CPU notifica- 
tion upon counter time-out. 


FEATURES 

• Low power CMOS N-well sillicon gate technology 

• Two 8-bit bidirectional I/O ports with individual data direction 
control 

• Programmable 16-bit Counter/Timer with eight modes of 
operation 

• Three 8-bit latches associated with the Counter/Timer 

• Selectable divide-by-sixteen prescaler for ail modes 

• Automatic “Handshake” control of data transfers 

• Three interrupts with program control 

— Port A 

— Port B 

— Counter/Timer 

• 1, 2, 3, and 4 MHz versions 

• Commercial and industrial temperature range versions 

• Wide variety of packages 

— 40-pin plastic and ceramic DIP 

— 44-pin plastic leaded chip carrier (PLCC) 

• Single + 5 Vdc power requirement 

• Compatible with the R6500, R6500/* and R65C00 family of 
microprocessors 


Vss 

PAO 

PA1 

PA2 

PA3 

PA4 

PAS 

PAS 

PA7 

PBO 

PB1 

PB2 

PB3 

PB4 

PBS 

PBS 

PB7 

CB1 

CB2 

Vcc 



CA1 

CA2 

IRQ 

CNTR 

RSO 

RSI 

RES 

DO 

01 

D2 

D3 

D4 

DS 

DS 

D7 

02 

RS2 

CS2 

CSO 

R/W 


40-PIN DIP 


a: 




Figure 1 . R65C24 Pin Assignments 
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R65C24 


ORDERING INFORMATION 


NOTE: 



An R65C24 PIAT may be installed in a circuit in place of 
an R65C21 PIA subject to chip select considerations. Since 
the R65C21 has a CS1 input and the R54C24 does not 
have a CS1 input, the PIAT will be selected in the same 
addresses as the PIA and maybe more depending upon 
external address decoding circuitry. 

RESET SIGNAL (^) 

The Re set (R ES) input initializes the R65C24 PIAT. A low signal 
on the (RES) input causes all internal registers to be cleared. 

CLOCK SIGNAL (02) 

The Phase 2 Clock Signal (02) is the system clock that triggers 
all data transfers between the CPU and the PIAT. 02 is generated 
by the CPU and is therefore the synchronizing signal between 
the CPU and the PIAT 


INTERFACE SIGNALS 

The PIAT interfaces to the R6500, R6500/* or the R65C00 
microprocessor family with a reset line, a 02 clock line, a 
read/write line, an interrupt request line, three register select lines, 
two chip select lines, and an 8-bit bidirectional data bus. 

The PIAT interfaces to the peripheral devices with four 
interrupt/control lines and two 8-bit bidirectional data ports. A 
Counter/Timer input/output line (CNTR) also interfaces to a 
peripheral device. 

Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 2 shows the interface relationship of 
these signal as they pertain to the CPU and the peripheral devices. 

CHIP SELECT (CSO, 

The PIAT is selected when CSO is high and CS2 is low. These 
two chip select lines are normally connected to the processor 
address lines either directly or through external decoder circuits. 
When the PIAT is selected, data will be transferred between the 
data lines and PIAT registers, and/or peripheral interface lines 
as determined by the R/W, RSO, RS1 and RS2 lines and the 
contents of Control Registers A and B. 


READ/WRITE SIGNAL (R/W) 

Read/Write (R/W) controls the direction of data transfers between 
the PIAT and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
deuces to transfer data to the CPU from the PIAT. A low on the 
R/W line allows data to be transfered from the CPU to the 
peripheral devices from the PIAT. 

REGISTER SELECT (RSO, RS1, RS2) 

Two of the Register Select lines (RSO, RS1), in conjunction with 
the Control Registers (CRA, CRB), select various R65C24 
registers to be accessed by the CPU. RSO and RS1 are normally 
connected to the microprocessor (CPU) address output lines. 
Through control of these lines, the CPU can write directly into 
the Control Registers (CRA, CRB), the Data Direction Registers 
(DDRA, DDRB) and the Peripheral Output Registers (ORA, ORB). 
In addition, the processor may directly read the contents of the 
Control Registers and the Data Direction Registers. Accessing 
the Peripheral Output Register for the purpose of reading data 
back into the processor operates differently on the ORA and the 
ORB registers and, therefore, are shown separately in Table 1. 



Figure 2. Interface Signals Relationship 
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Table 1. Peripheral Register Addressing 


Register 

Address 

(Hex) 

Register 

Select 

Lines 

Data 

Direction 

Register 

Control 

Register Operation 

RS2 

RS1 

RSO 

CRA 
(Bit 2) 

CRB 
(Bit 2) 

R/W = H 

R/W = L 

4 

H 

L 

L 

1 

— 

Read PIBA 

Write ORA 

4 

H 

L 

L 

0 

- 

Read DDRA 

Write DDRA 

5 

H 

L 

H 

- 

- 

Read CRA 

Write CRA 

6 

H 

H 

L 

- 

1 

Read PIBB 

Write ORB 

6 

H 

H 

L 

- 

0 

Read DDRB 

Write DDRB 

7 

H 

H 

H 

- 

- 

Read CRB 

Write CRB 


Register Select line RS2 determines whether the addressed 
registers are part of the Counter/Timer or the peripheral Port A 
and Port B sections of the PIAT. When RS2 is high, the Port 
A/Port B registers shown in Table 1 are selected. When the RS2 
is low, the Counter/Timer registers are selected and operated 
upon as shown in Table 2. 

INTERRUPT REQUEST LINE (IRQ) 

Thre e inte rnal active low Interrupt Request lines (IRQA, IRQB, 
and IR QT) a ct to i nterr upt the microprocessor through the 
external IRQ output. IRQ is an open drain output and is capable 
of sinking 1.6 mA from an external source. This permits all 
interrupt request lines to be tied together in a wired-OR config- 
uration. The A and B in the titles of these internal lines 
correspond to the peripheral port A and the peripheral port B 
so that each interrupt request line services one peripheral 
data port. The T corresponds to the Counter/Timer generated 
interrupt request. 


IRQA and IRQB Lines — These two internal Interrupt Request 
lines are associated with the Port A and Port B sections of the 
PIAT and are controlled by Control Registers CRA and CRB, 
and the Peripheral Control lines CA1, CA2, CB1, and CB2. 


These Interrupt Request lines have three interrupt flag bits which 
can cause the Interrupt Request line to go low. These flags are 
bits 6 and 7 in the two Control Registers (CRA, CRB). These 
flags act as the link between the peripheral interrupt signals and 
the microprocessor interrupt inputs. Each flag has a correspond- 
ing interrupt disable bit which allows the processor to enable 
or disable the interrupt from each of the four interrupt inputs 
(CA1 , CA2, CB1 , CB2). The four interrupt flags are set (enabled) 
by active transitions of the signal on the interrupt input (CA1, 
CA2, CB1, CB2). 


CRA bit 7 (IRQA1) is always set by an act ive transition of the 
CA1 interrupt input signal. However, IRQA can be disabled by 
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 


Table 2. Counter/Timer Register Addressing 


Register 

Address 

(Hex) 

Register 
Select Lines 

Counter/Timer Operation 

RS2 

RSI 

RSO 

(R/W = H) 

(R/W = L) 

0 

L 

L 

L 

Read Snapshot 
Latch (SL) 

SL ^ D0-D7 

0 UP 

Write Upper Latch 
(UL) 

D0-D7 UL 

0->UF 

Load and Enable 
Counter 

UL -> UC, 

LL-> LC 

1 

L 

L 

H 

Read Upper 
Counter (UC) 
UC -> D0-D7 

Write Upper Latch 
(UL) 

D0-D7 UL 

2 

L 

H 

L 

Read Lower 
Counter (LC) 
LC D0-D7 
UC-> SL 

Write Lower Latch 
(LL) 

D0-D7 ^ LL 

UC^ SL 

3 

L 

H 

H 

Read Status 
Register (SR) 
SR D0-D7 
0-> UF, 

Write Counter Control 
Mode Register 
(CMCR) 

D0-D7 -> CMCR 


set by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 

Both bit 6 and bit 7 in CRA are reset by a “Read Peripheral Output 
Register A” operation. This is defined as an operation in which the 
read/write, proper data direction register and register select signals 
are provided to allow the processor to read the Peripheral A I/O port. 
A summary of IRQA control is shown in Table 3. 

Control of IRQB is p erform ed in exactly the same manner as that 
described above for IRQA (Tab le 3). B it 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled by 
CRB bit 0. Likew ise, bi t 6 (IRQB2) in CRB is set by an active transi- 
tion on CB2, and IRQB from this flag is controlled by CRB bit 3. Also, 
both bit 6 and bit 7 of CRB are reset by a “Read Peripheral B Output 
Register” operation. 

IRQT Line — The internal IRQT line is ass ociated with the 
Counter/Timer and is controlled by the IRQT Enable bit in the 
Counter Mode Control Register and the Underflow Flag in the 
Status Register. A thor ough discussion of the functions and 
operation of the IRQT line is given in the Counter/Timer 
Operation section of this product description. 


Table 3. IRQA and IRQB Control Summary 


Control Register Bits 

Action 

CRA-7=1 and CRA-0=1 

IRQA goes low (Active) 

CRA-6=1 and CRA-3=1 

IRQA goes low (Active) 

CRB-7=1 and CRB-0=1 

IRQB goes low (Active) 

CRB-6 =1 and CRB-3 =1 

IRQB goes low (Active) 


1-77 






R65C24 


Peripheral Interface Adapter/Timer (PIAT) 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 

The four interrupt input/peripheral control lines provide a number 
of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PA0-PA7, PB0-PB7). Figure 5 summarizes the operation of 
these control lines. 

CA1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control Register A to a logic 1 . 
The active transition can be programmed by setting a 0 in bit 1 
of the CRA if the interrupt fiag (bit 7 of CRA) is to be set on a 
negative (high to low) transition of the CA1 signal, or by setting 
a 1 if it is to be set on a positive (low to high) transition. 

CA2 can act as a totally independent interrupt or as a peripheral 
control output. As an input (CRA, bit 5 = 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 

These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1 . The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 

In the output mode (CRA, bit 5=1), CA2 can operate independ- 
ently to generate a single pulse each time the microprocessor 
reads the data on the Peripheral A I/O port. This mode is selected 
by setting CRA, bit 4 to a 0 and CRA, bit 3 to a 1 . This pulse 
output can be used to control the counters, shift registers, etc. 
which make sequential data available on the Peripheral input 
lines. 

A second output mode allows CA2 to be used in conjunction 
with CA1 to “handshake” between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 

The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, CA2 is a simple peripheral control output 
which can be set high or low by setting bit 3 of CRA to a 1 or 
a 0, respectively. 

CB1 operates as an interrupt input only in the same manner as 
CA1 . Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 = 1 , differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B Out- 
put Register. Also, the “handshaking” operates on data transfers 
from the processor into the peripheral device. 


FUNCTIONAL DESCRIPTION 

The R65C24 PIAT is organized into three independent sections 
referred to as the A Side, the B Side, and a Counter/Timer. The 
A Side and B Side each consist of a Control Register (CRA, 
CRB), Data Direction Register (DDRA, DDRB), Output Register 
(ORA, ORB), Interrupt Status Control (ISCA, ISCB), and the buf- 
fers necessary to drive the Peripheral Interface buses. Data Bus 
Buffers (DBB) interface data from the two sections to the data 
bus, while the Data Input^Register (DIR) interfaces ^ta from 
the DBB to the PIAT registers. Chip Select and R/W control 
circuitry interface to the processor bus control lines. The 
Counter/Timer consists of a 16-bit counter; i.e., an 8-bit Upper 
Counter (UC) and 8-bit Lower Counter (LC), an 8-bit Upper Latch 
(UL), an 8-bit Lower Latch (LL), an 8-bit Snapshot Latch (SL), 
and a Status Register (SR). A Counter Mode Control Register 
(CMCR) selects the Counter/Timer mode of operation. Figure 3 
is a block diagram of the R65C24 PIAT. 

DATA INPUT REGISTER (DIR) 

When the microprocessor writes data into the PIAT, the data 
which appears on the data bus during the 02 clock pulse is 
latched into the Data Input Register (DIR). The data is then 
transferred into one of six internal registers of the PIAT after 
the trailing edge of the 02 clock. This assures that the data on 
the peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 

CONTROL REGISTERS (CRA AND CRB) 

Table 4 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Control inputs (CA1 , CA2, 
CB1, CB2), and Peripheral Control outputs (CA2, CB2). Bit 2 
in each register controls the addressing of the Data Direction 
Registers (DDRA, DDRB) and the Output Registers (ORA, ORB). 
In addition, two bits (bit 6 and 7) in each control register indicate 
the status of the Interrupt Input lines (CA1, CA2, CB1, CB2). 
These Interrupt Status bits (iRQAI, IRQA2 or IRQB1, IRQB2) 
are normally interrogated by the microprocessor during the IRQ 
interrupt service routine to determine the source of the interrupt. 

DATA DIRECTION REGISTERS (DDRA, DDRB) 

The Data Direction Registers (DDRA, DDRB) allow the processor 
to program each line in the 8-bit Peripheral I/O port to be either 
an input or an output. Each bit in DDRA controls the correspond- 
ing line in the Peripheral A port and each bit in DDRB controls 
the corresponding line in the Peripheral B port. Writing a 0 in 
a bit position in the Data Direction Register causes the cor- 
responding Peripheral I/O line to act as an input; a 1 causes 
it to act as an output. 

Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a 1 , a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a 0, a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Register 
Access Control bit, together with the Register Select lines (RSO, 
RSI and RS2) selects the various internal registers as shown 
in Table 1. 
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In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 

PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 

The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral I/O port. If a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low (<0.4 Vdc); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 

INTERRUPT STATUS CONTROL (ISCA, ISCB) 

The four interrupt/peripheral control lines (CA1 , CA2, CB1 , CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control 
Register and detects active transitions on the interrupt inputs. 

PERIPHERAL I/O PORTS (PA0-PA7, PB0-PB7) 

The Peripheral A and Peripheral B I/O ports allow the 
microprocessor to interface to the input lines on the peripheral 
device by writing data into the Peripheral Output Register. They 
also allow the processor to interface with the peripheral device 
output lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 

Each of the Peripheral I/O lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in 
the corresponding bit in the Data Direction Register for those 
lines which are to act as outputs. A 0 in a bit of the Data Direc- 
tion Register causes the corresponding Peripheral I/O lines to 
act as an input. 

The buffers which drive the Peripheral A I/O lines contain 
“passive” pull-up devices. These pull-up devices are resistive 
in nature and therefore allow the output voltage to go to Vcc 
for a logic 1 . The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 

In the input mode, the pull-up devices are still connected to the 
I/O pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 

The Peripheral B I/O port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or any output is similar to the Peripheral A 
port, as is the effect of reading or writing this port. However, 
there are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 


The Peripheral B I/O port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than +2.4 Vdc. 

Unlike the PA0-PA7 lines (which have pull-up devices), the PBO 
through PB7 lines have three-state capability which allows them 
to enter a high impedance state when programmed to be used 
as input lines. In addition, data on these lines will be read 
properly, when programmed as output lines, even if the data 
signals fall below 2.0 Vdc for a “high” state or are above 0.8 Vdc 
for a “low” state. When programmed as output, each line can 
drive at least a two TTL load and may also be used as a source 
of up to 3.2 mA at 1 .5 Vdc to directly drive the base of a tran- 
sistor switch, such as a Darlington pair. 

Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output 
Register for those lines programmed to act as inputs. 

The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 
Peripheral B I/O lines are programmed to act as inputs, the out- 
put buffer enters the high impedance state. 

DATA BUS BUFFERS (DBB) 

The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the D0-D7 Data Bus, between the miroprocessor 
and the PIAT. These buffers are tri-state and are capable of driv- 
ing a two TTL load (when operating in an output mode) and repre- 
sent a one TTL load to the microprocessor (when operating in 
an input mode). 

COUNTER/TIMER 

The Counter/Timer includes a 16-bit counter and three 8-bit data 
latches. It also includes an 8-bit Counter Mode Control Register 
(CMCR) to select the Counter/Timer operating mode and options 
and an 8-bit Status Register to report time-out conditions as well 
as peripheral data port interrupt conditions. Figure 4 illustrates 
the Timer/Counter. 

Counter/Latches — The Upper Counter (UC) and Lower 
Counter (LC) form a 16-bit down-counter that counts either 
02 clock pulses from the processor bus or external events from 
input line CNTR, depending on the mode selected. The Upper 
Latch (UL) and Lower Latch (LL) hold the initial higher- and lower- 
order count values to be loaded into the counter. The Snapshot 
Latch (SL) is loaded with the value of the UC when the LC is 
read or the LL is written into by the PIAT. After a read of the 
LC, the Snapshot Latch is read to provide the current 1 6-bit value 
of the counter. The Underflow Flag (UF) in the Status Register 
(SR) is set to a 1 whenever the counter (UC, LC) decrements 
past $0000. A Prescaler can be program activated to divide-by- 
sixteen rather than divide-by-one for any of the Counter/Timer 
modes. 
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Counter Mode Control Register — The Counter Mode Con- 
trol Register (CMCR) allows program selection of any of eight 
Counter/Timer modes of operation, for the enabling or d isabl- 
ing of the Prescaler, and the enabling or disabling of the IRQT 
interrupt line. Bits 2, 1 and 0 of the CMCR select one of the 
following Counter/Timer operating modes: 

Disable Counter/Timer 
One-Shot Interval Timer 
Free-Run Interval Timer 
Pulse Width Measurement 
Event Counter 

One-Shot Pulse Width Generation 
Free-Run Pulse Generation 
Retriggerable Interval Timer 

Bit 7 of the CMCR controls the IRQT line. When bit 7 is set to 
a 1, IRQT is enabled and an Underflow Flag (UF bit in the 


Status Register set to a 1) wi ll cause IRQ to be asserted. When 
bit 7 is set to a 0, the IRQT is disabled. 

Bit 4 of the CMCR enables or disables the Prescaler. A 1 in bit 4 
causes the Prescaler to be enabled so that the Counter/Timer 
is operating in a divide-by-sixteen mode. When this bit is a 0 
the Prescaler is disabled so that the Counter/Timer is operating 
in a normal (divide-by-one) mode. 

Status Register — Bit 7 of the Status Register (SR) reports the 
Counter Underflow Status. This underflow (UF) bit is set to 1 
wh en th e counter decrements past $0000. When this bit is set, 
the IRQ output will be asserted if the Interrupt Enable bit in the 
CMCR is set to a 1 . The status of the Port A Interrupt Flag (IRQA) 
and Port B Interrupt Flag (IRQB) are reported in bits 6 and 5, 
respectively, in addition to being reported in the ISCA and ISCB 
registers. 


D0-D7 


D0-D7 


IRQ 



Figure 4. Counter/Timer 
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Figure 5. Summary of Control Lines Operation (1 of 2) 
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Figure 5. Summary of Control Lines Operation (2 of 2) 
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COUNTER/TIMER REGISTERS 

COUNTER MODE CONTROL REGISTER (CMCR) 

The 8-bit Counter Mode Control Register (CMCR) selects the 
Counter/Ti mer m ode of operation and enables or disables both 
the internal IRQT and the Prescaler. The format of the CMCR is: 


7 

6 

5 

4 

3 

2 1 0 

Enabled 

0 

0 

i 

Prescaler 

Enabled 

0 

Counter/Timer Mode 


Bit 7 IRQT Enabled 

0 IRQT Disabled 

1 IRQT Enabled 


Bits 6-5 Not used, don’t care value during write. 

Bit 4 Prescaler Enabled 

0 Prescaler Disabled (-r 1) 

1 Prescaler Enabled (-;-16) 

Bit 3 Not used, don’t care value during write. 


Bits 2-0 
2 10 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 


Counter/Timer Mode 

Mode 0— Disable Counter/Timer 
Mode 1— One-Shot Interval Timer 
Mode 2— Free-Run Interval Timer 
Mode 3— Pulse Width Measurement 
Mode 4— Event Counter 
Mode 5— One-Shot Pulse Width Generation 
Mode 6— Free-Run Pulse Generation 
Mode 7— Retriggerable Interval Timer 


The CMCR can be written into at any time without disabling or 
stopping the Counter/Timer. This allows the Counter/Timer mode 
of operation to be changed while it is still in operation. However, 
selecting Mode 0 disables th e Cou nter/Timer and stops its opera- 
tion. The Prescaler and the IRQT interrupt can also be enabled 
or disabled art any tim^ The CMCR is written to when the register 
address is 3 and R/W is low. 


STATUS REGISTER (SR) 

The 8-bit Status Register (SR) reports the st atus of three inter- 
rupt c onditions: Counter un derflow (IRQT), Port A Interrupt 
(IRQA) and Port B interrupt (IRQB). The format of the Status 
Register is: 


7 

6 

5 

4 

3 

2 

1 

0 

UF (IRQT) 
Interrupt 

Flag 

IRQA 

Interrupt 

Flag 

IRQB 

Interrupt 

Flag 

1 

1 

1 

1 

1 


Bit 7 Counter Underflow (UF) Interrupt Flag 

0 Counter underflow has not occurred. 

1 Counter underflow has occurred. 

Bit 6 IRQA Interrupt Flag 

0 Port A interrupt has not occurred. 

1 Port A interrupt has occurred. 

Bit 5 IRQB Interrupt Flag 

0 Port B interrupt has not occurred. 

1 Port B interrupt has occurred. 

Bit 

4-0 Not used, always read as shown in register 
figure. 

The Counter Underflow (UF) Interrupt, bit 7, is updated in the 
same clock cycle that an underflow condition occurs on the 
Counter/Timer. The IRQA and IRQB interrupt flags (bits 6 and 
5) are updated at the rising edge of the next 02 clock immediately 
following the setting of corresponding interrupt bits in the CRA 
register. The IRQA Interrupt Flag is set whenever the IRQA1 or 
IRQA2 bit is set. The IRQB Interrupt Flag is set whenever the 
IRQB1 or IRQB2 bit is set. The Counter Underflow bit is cleared 
whenever the Snapshot Latch is read, the Upper Latch (UL) is 
writt en to at register address 0, Mode 0 is selected in the CMCR, 
or a RES occurs. Th^tatus Register is read when the register 
address is 3 and R/W is high. 

LOWER LATCH (LL) 

The Lower Latch (LL) holds the least significant 8-bits of the 
16-bit latch value. The LL is written from_the data bus (D0-D7) 
when the register address is 2 and R/W is low. When the LL 
is loaded, the contents of the UC are copied into the Snapshot 
Latch (SL) without affecting the counting operation of the UC. 

UPPER LATCH (UL) 

The Upper Latch (UL) holds the most significant 8-bits of the 
16-bit lat^ value. The UL is written from the data bus (D0-D7) 
when R/W is low and the register address is either 0 or 1. The 
difference in the two register address functions are: 

Register Address 0 

1. The UL is loaded from D0-D7. 

2. The contents of the latches (UL and LL) are transferred to 
the counters (UC and LC, respectively). 

3. The UF bit is cleared in the SR. 

4. The Counter is enabled, i.e., the count in UC and LC is dec- 
remented by one upon detection of a rising edge on either 

02 or CNTR (depending upon mode selection) as scaled by 
the Prescaler. 

Register Address 1 

1. The UL is loaded from D0-D7. 

2. All other elements of the Counter/Timer are unaffected. 
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LOWER COUNTER (LC) 

The Lower Counter (LC) holds the least significant 8-bits of the 
16-bit counter. 

When the LC decrements below $00, 1 is borrowed from the 
UC to load $FF into the LC. 

The LC is read to_the data bus (D0-D7) when the register 
address is 2 and R/W is high. When LC is read, the 8-bit con- 
tents of the UC is transferred to the Snapshot Latch without 
affecting the operation of the counter (i.e., the count-down con- 
tinues without interruption). 

UPPER COUNTER 

The Upper Counter (UC) holds the most significant 8-bits of the 
16-bit counter. The UC is readjo the data bus (D0-D7) when 
the register address is 1 and R/W is high. When the UC is read, 
there is no other effect on the Counter/Timer operation. Counter 
underflow occurs when the LC borrows a 1 from an UC value 
of $00. 

Note: 

When reading the UC directly, the value read can be one 
count too high if the LC value is just above $00 at the 
start of the read since an underflow in the LC will result 
in decrementing the UC by one count. The Snapshot 
Latch should be read to obtain the UC value corre- 
sponding to the LC value. 

SNAPSHOT LATCH (SL) 

The Snapshot Latch holds the value of the UC corresponding 
to the LC value. The SL is loaded with the value of the UC when 
the LL is written to, or when the LC is read. The SL is read to 
the data bus (D0-D7) when the register address is 0 and R/W 
is high, without affecting the counting operation. When the SL 
is read, the UF in the SR is cleared. Since the SL is loaded with 
the value of the UC whenever the LC is read, an accurate count 
of the total 16-bit counter can be made without the need for 
further calculations to account for delays between the reading 
of the LC and the UC. 

COUNTER/TIMER OPERATION 

The Counter/Timer has eight modes of operation. The Counter/ 
Timer is always either disabled (mode 0) or operating in one of 
the other seven modes as selected in the Counter Mode Control 
Register (CMCR). 

To operate the Counter/Timer, first issue Mode 0 to stop any 
counting in progress due to a previously selected mode, to clear 
the counter underflow bit in the SR and to disable the IRQT 
interrupt. The order of mode selection and latch loading depends 
upon the desired mode. Generally, if a timer mode based on the 
02 clock rate is to be selected, first select the mode then write 
the timer initialization value to the latch. Write the LL first then 
the UL value (to register address 0). When the UL is written, the 


UL and LL values are loaded into the UC and LC, respectively, 
and the counter is enabled. The counter then decrements one 
count for every positive edge (low to high) transition detected 
on the 02 or CNTR input (depending on the selected mode) as 
scaled by the Prescaler. In most modes, each time the counter 
underflows below $0000, the underflow bit is set in the SR, the 
counter reloads to the latch value and the d own-counting con- 
tinues. If the UF bit is set when the IRQT is enabled in the 
CMCR, the IRQ output will be asserted to the processor. 


MODE 0— DISABLE COUNTER/TIMER 

The Counter/Timer is disabled (all counting stops), the IRQT 
interrupt (bit 7 in the CMCR) is disabled, and the counter under- 
flow (bit 7 in the SR) is cleared. Mode 0 may be sel ected at any 
time by selecting Mode 0 in the CMCR or upon RES which 
initializes the CMCR to $00. Selecting Mode 0 in the CMCR 
does not affect any data in the LL or UL, any count in the LC 
or UC, or any data in the SL. 

MODE 1— ONE SHOT INTERVAL TIMER 

The counter counts down once from the latch value at the 02 
clock rate (as scaled by the Prescaler) and sets the UF bit in 
the SR upon underflow. The counter starts when data is written 
to the UL at register address 0, which causes the UL and LL 
values to be loaded into the UC and LC, respectively. When the 
counter decrements belo^$0000, the UF bit in t he SR is set. 
The set UF bit causes IRQ to be asserted if the IRQT Enable 
bit is set in the CMCR. Upon decrementing below $0000, the 
UC and LC are automatically reset to a value of $FFFF and the 
counter continues down-counting. However, the UF bit in the 
SR will not be set again (due to the counter again decrementing 
through $0000) until the UL is again written at register address 
0. The CNTR line is not used in this mode. Figure 6 shows the 
timing relationship for Mode 1 operation. 

Typical Application: Can be used for an accurate time delay 
such as would be required to control the duration of time to have 
a thermal printer element activated. 

MODE 2— FREE-RUN INTERVAL TIMER 

The counter repetitively counts down at the 02 clock rate, as 
scaled by the Prescaler, and sets the UF bit in the SR each time 
the counter underflows. The counter is initialized to the UL and 
LL values and starts down counting at the clock rate when the 
UL value is written to register address 0. Each time the counter 
decrements below $0000, the UF bit in the SR is set, the counter 
is reloaded with t he UL and LL value, and the count-down cycle 
continues. If the IRQT Enable bit is set in the CMCR, IRQ will 
be asserted upon each time-out. The CNTR line is not used in 
this mode. Figure 7 shows the timing relationship for Mode 2 
operation. 

Typical Application: Can be used for a timed interrupt struc- 
ture when a hardware location needs updating at specific inter- 
vals, such as would be required to update a multiplexed display. 


1-85 



R65C24 


Peripheral Interface Adapter/Timer (PIAT) 



Figure 6. Mode 1-— One-Shot Interval Timer Timing 
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MODE 3— PULSE WIDTH MEASUREMENT 

The counter counts down from the latch value at the 02 clock 
rate (scaled by the Prescaler) from the time the CNTR Input goes 
low until CNTR goes high to provide a measurement of the CNTR 
low pulse duration. The counter is loaded with the value of the 
UL and LL upon writing UL to register address 0. The counter 
starts decrementing at the scaled 02 clock rate when the CNTR 
line goes low and stops decrementing when the CNTR line 
returns high. If the counter decrements below $0000 before the 
CNTR line goes high, the UF bit in the SR is set, the counter 
is reloaded with the UL and LL value, and the cycle continues 
down until CNTR goes high. Once the CNTR line has cycled 
from high to low and back to high, the Counter/Timer will ignore 
any additional high to low transitions on the CNTR line. To 
reinitiate Mode 3, it is necessary to reload the UL by writing to 
register address 0. Figure 8 shows the timing relationships for 
a Mode 3 operation. 


Typical Application: Can be used to measure the duration of 
an event from an external device. Allows an accurate measure- 
ment of the duration of a logical low pulse on the CNTR line. 

MODE 4-EVENT COUNTER 

CNTR is an input and the Counter/Timer counts the number of 
positive transitions on CNTR. The counter is initially loaded with 
the UL and LL value when the UL is written to register address 0. 
The counter then decrements one count on the falling edge of 
the CNTR input after a falling edge (high-to-low transition) is 
detected on the 02 clock. The maximum rate at which this fall- 
ing edge can be detected is one-half the 02 clock rate. When 
the counter decrements below $0000, the UF bit in the SR is 
set, the counter is reloaded with the UL and LL value and the 
operation repeats. Figure 9 shows the timing relationship of a 
Mode 4 operation. 

Typical Application: Can be used with a timed software loop 
to count external events (i.e., a frequency counter). 
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Figure 9. Mode 4— Event Counter Timing 
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MODE 5— ONE-SHOT PULSE WIDTH GENERATION 

CNTR is an output which can be pulsed low for a programmed 
time interval. When this mode is selected in the CMCR, the 
CNTR output goes high if the UF bit is set. It goes low if the 
UF bit is cleared. The CNTR line then goes low when data is 
written to the UL at register address 0, which also starts the 
counter. The counter decrements from the UL and LL value at 
the 02 clock rate as scaled by the Prescaler. When the counter 
decrements below $0000, the CNTR output goes high, the UF 
bit is set in the SR, the counter is reloaded with $FFFF and the 
count-down continues. Figure 1 0 shows the timing relationship 
of Mode 5 operation. 

Note that clearing the UF bit after it is set upon the first timeout 
causes CNTR to go low, in which case CNTR will again go high 
upon the next counter timeout. 

Typical Application; Can be used to hold-off (delay) an external 
hardware event on an asynchronous basis such as disallowing 
a motor startup until certain parameters are met. 

MODE 6— FREE-RUN PULSE GENERATION 

CNTR is an output and the Counter/Timer can be programmed 
to generate a symmetrical waveform, an asymmetrical waveform, 
or a string of varying width pulses on CNTR. The CNTR line is 
forced low when data is written to the UL at register address 


0 which also starts the counter. The counter decrements at the 
02 clock rate as scaled by the Prescaler. When the counter 
decrements below $0000, CNTR toggles from low to high (or 
high to low depending upon its initial state), the counter is 
reloaded with the UL and LL value and the counter continues 
down-counting. The UF bit in the SR is set the first time the 
counter decrements past $0000 and is cleared only if a new write 
to UL at register address 0 occurs. Figure 11 shows the timing 
relationship of a Mode 6 operation. 


This mode can be used to generate an asymmetrical waveform 
by toggling the UL and LL with the CNTR high and low times. 
Immediately after starting the counter with the first CNTR low 
time, load the LL and UL (by writing to register address 1 , which 
does not restart the counter) with the CNTR high time. When 
the first counter underflow occurs, the counter loads the new 
latch value (i.e., the CNTR h igh t ime) into the counter and con- 
tinues counting. During the IRQ interrupt processing resulting 
from the first counter time-out, load the LL and UL (at register 
address 1) with the original CNTR low time. Continue to alter- 
nate loading of the high and low time latch values during the 
interrupt processing for the duration of the mode. 

Typical Application: Can be used to supply external circuitry 
with a software variable clock based upon the system 02 clock 
(e.g., a tone generator for audio feedback). 
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MODE 7— RETRIGGERABLE INTERVAL TIMER 

The Counter/Timer operates as a timer which is retriggered, i.e., 
reinitialized to its starting value, upon detection of a negative 
transition on the CNTR input. The counter is initially loaded with 
the UL and LL value when the UL is written to register address 0. 
The counter starts decrementing at the 02 clock rate (as scaled 
by the Prescaler) when a falling edge (high to low transition) 
is detected on CNTR. The counter is reinitialized to the UL 
and LL value whenever a falling edge is subsequently detected 
on CNTR. If the counter decrements past $0000 before the fall- 
ing edge is detected, the UF bit is set in the SR, the counter 
is initialized to the UL and LL value and the count-down 
continues. 

Typical Application: Can be used to monitor signals that should 
be periodic and can interrupt the processor if the signal being 
monitored does not occur within a specified time frame; such 
as a synchronous motor that has fallen out of synchronization. 

PRESCALER 

The Counter/Timer operates in either the divide by one or divide 
by sixteen mode. In the divide by one mode, the counter holds 
from 1 to 65,535 counts. The counter capacity is therefore 1 fis 
to 65,535 /jis at 1 MHz 02 clock rate or 0.25 jjls to 16,383 /xs 
at a 4 MHz 02 clock rate. Timer intervals greater than the max- 
imum counte r val ue can be easily measured by counting under- 
flow flags or IRQ interrupt requests. 

The divide by sixteen prescaler can be enabled to extend the 
timing interval by 16. This provides timing from 1048.56 ms 
(1 MHz) to 260.21 ms (4 MHz). The prescaler clocks the 
Counter/Timer at the 02 clock rate divided by sixteen, except 
for Mode 4. In Mode 4, sixteen positive CNTR edges must occur 
to decrement the Counter/Timer by one count. 

INITIALIZING THE COUNTER/TIMER 

The following program segment is one suggested technique for 
initializing the Counter/Timer; 


;Data Definition 


SL 

= $XXX0 

; Snapshot Latch 

UC 

= $XXX1 

;Upper Counter 

LC 

= $XXX2 

; Lower Counter 

SR 

= $XXX3 

;Status Register 

ULEC 

= $XXX0 

: Upper Latch and Enable Counter 

UL 

= $XXX1 

: Upper Latch 

LL 

= $XXX2 

; Lower Latch 

CMCR 

= $XXX3 

iCounter Mode Control Register 

; Program 

LDA 

#$mode0 

idisable Counter/Timer 

STA 

CMCR 

iwrite to mode register 

LDA 

#$mode 

iselect mode and Prescaler and 
IRQT enable/disable 

STA 

CMCR 

iwrite to mode register 


LDA 

#$lovalue 

;lower latch value 

STA 

LL 

; write to lower latch 

LDA 

#$hivalue 

iupper latch value 

STA 

ULEC 

;write to upper latch 

;clear underflow flag, and enable 



counter 

The following instructions change the mode while the 
Counter/Timer is in operation: 

LDA 

#$mode 

;select desired mode, except 



mode 0 

STA 

CMCR 

;write to mode register 


The change of mode operation will take effect immediately. 
Thus, the Free-Run Internal Timer mode (Mode 2) could be sys- 
tematically stopped by changing to the One-Shot Interval Timer 
mode (Mode 1). The Counter/Timer will then halt operation 
when the underflow conditio n occ urs. This technique can also 
be used to enable or disable IRQ during program execution. 

READING THE COUNTER/TIMER 

To service an interrupt request, the following sequence can be 
used: 


BIT 

Sstatus 

;get underflow flag 

BNE 

error 

;check if flag is set 

LDA 

$LC , 

;get low counter value for overflow 

LDX 

SSL 

;get high counter value for overflow 



; underflow flag is cleared 


By reading the LC and SL, it is possible to determine the amount 
of time between the interrupt request and servicing the interrupt. 

To read a timer value at any time, the suggested technique is 
as follows: 

LDA $LC ;get low counter value 

; upper counter transferred to 
. snapshot 

. :any miscellaneous code to store 

. value if desired 

LDA $SL ;get high counter value 


READ/WRITE TIMING 
CHARACTERISTICS OF PIAT 

Figure 13 is a timing diagram for the R65C24 PIAT during a Read 
operation (input mode). Figure 14 is a timing diagram for the 
PIAT during a Write operation (output mode). 
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CA2 

(PULSE OUT) 


CA2 

(HAND SHAKE) 


Figure 13. Read Timing Diagram 







R65C24 


Peripheral Interface Adapter/Timer (PIAT) 



Figure 14. Write Timing Diagram 


READING THE PERIPHERAL A I/O PORT when the Peripheral Output register contains a logic 1. In this 

Performing a Read operation with RS1 = 0, RSO = 0 and the case, the processor wil^^ read a 0 from the Peripheral A pin, even 

Data Direction Register Access Control bit (CRA-2) = 1 , directly corresponding bit in the Peripheral Output register 

transfers the data on the Peripheral A I/O lines to the data bus. is a 1 . 

In this situation, the data bus will contain both the input and 

output data. The processor must be programmed to recognize READING THE PERIPHERAL B I/O PORT 

and interpret only those bits which are important to the particular 

peripheral operation being performed. Reading the Peripheral B I/O port yields a combination of input 

and output data in a manner similar to the Peripheral A port. 
Since the processor always reads the Peripheral A I/O port pins However, data is read directly from the Peripheral B Output 

instead of the actual Peripheral Output Register (ORA), it is pos- Register (ORB) for those lines programmed to act as outputs, 

sible for the data read by the processor to differ from the con- It is therefore possible to load down the Peripheral B Output 

tents of the Peripheral Output Register for an output line. This lines without causing incorrect data to be transferred back to the 

is true when the I/O pin is not allowed to go to a full + 2.4 Vdc processor on a Read operation. 
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SWITCHING CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 

BUS TIMING 


— 

Parameter 

Symbol 

1 MHz 

2 MHz 

3 MHz 

4 MHz 

Unit 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

02 Cycle 

^CYC 

1.0 

— 

0.5 

— 

0.33 

— 

0.25 

— 

fiS 

02 Pulse Width 

tc 

450 

— 

220 

_ 

160 

— 

110 

_ 

ns 

02 Rise and Fall Time 

tfC ^fc 

_ 

25 

— 

15 

— 

12 

— 

10 

ns 

Read 

Address Set-Up Time 

UCR 

140 

— 

70 

— 

53 

— 

35 

— 

ns 

Address Hold Time 

^CAR 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

Peripheral Data Set-Up Time 

^PCR 

300 

— 

150 

— 

110 

— 

75 

— 

ns 

Data Bus Delay Time 

tcDR 



335 

— 

145 

_ 

105 

— 

85 

ns 

Data Bus Hold Time 

^HR 

20 

— 

20 

_ 

20 

_ 

20 

— 

ns 

Write 

Address Set-Up Time 

Ucw 

140 

— 

70 

— 

53 


35 

— 

ns 

Address Hold Time 

^CAW 

0 

— 

0 

— 

0 

_ 

0 

— 

ns 

R/W Set-Up Time 

^WCW 

180 

— 

90 

— 

67 

— 

45 

— 

ns 

R/W Hold Time 

^CWW 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

Data Bus Set-Up Time 

^DCW 

180 

— 

90 

— 

67 

— 

45 

— 

ns 

Data Bus Hold Time 

^HW 

10 

— 

10 

— 

10 

— 

10 

— 

ns 

Peripheral Data Delay Time 

^CPW 

— 

1.0 

— 

0.5 

— 

0.5 

— 

0.5 

IMS 

Peripheral Data Delay Time 
to CMOS Level 

tcMOS 

— 

2.0 

— 

1.0 

— 

0.7 

— 

0.5 

IMS 


PERIPHERAL INTERFACE TIMING 


Peripheral Data Set-Up 

^PCR 

300 

— 

150 


110 

_ 

75 

— 

ns 

02 Low to CA2 Low Delay 

tcA2 

— 

1.0 

— 

0.5 

— 

0.5 


0.5 

IMS 

02 Low to CA2 High Delay 

^RSI 

— 

1.0 

— 

0.5 

— 

0.5 


0.5 

IMS 

02 Low to CNTR Low/High Delay 

fcNTR 

— 

1.0 

— 

0.5 

— 

0.5 

— 

0.5 

IMS 

CA1 Active to CA2 High Delay 

tRS2 


2.0 

— 

1.0 

— 

1.0 

— 

1.0 

IMS 

02 High to CB2 Low Delay 

^CB2 


1.0 

— 

0.5 

_ 

0.5 

— 

0.5 

IMS 

Peripheral Data Valid to CB2 Low Delay 

^DC 


1.5 

0 

0.75 

0 

0.5 

0 

0.37 

IMS 

02 High to CB2 High Delay 

tRSI 

— 

1.0 

— 

0.5 

_ 

0.5 

— 

0.5 

IMS 

CB1 Active to CB2 High Delay 

*RS2 

— 

2.0 

— 

1.0 

— 

0.67 

— 

0.5 

IMS 

CA1, CA2, CB1 and CB2 

Input Rise and Fall Time 

tp tf 

1 

1.0 

— 

1.0 


1.0 

— 

1.0 

IMS 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 Vdc and a high voltage of 2.0 Vdc. 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.3 to +7.0 

Vdc 

Input Voltage 

VlN 

-0.3 to Vcc +0.3 

Vdc 

Output Voltage 

Vqut 

-0.3 to Vcc +0.3 

Vdc 

Operating Temperature Range 
Commercial 

Industrial 

Ta 

0 to +70 
- 40 to + 85 

°C 

Storage Temperature 

Tstg 

-55 to +150 

°C 


NOTE; Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

< 

o 

o 

5V ±5% 

Temperature Range 
Commercial 

Industrial 

Ta 

Tl to Th 

0°C to 70°C 
-40°C to +85°C 


ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min. 

Typ.3 

Max. 

Unit2 

Test Conditions 

Input High Voltage 

V,H 




V 


All except R/W, CS2 


+ 2.0 

— 

Vcc 



R/W, CS2 


+ 2.4 

— 

Vcc 



Input Low Voltage 

V,L 

-0.3 

— 

+ 0.8 

V 


Input Leakage Current 

•in 

— 



mA 

V|N = OV to Vcc 

R/W, RES, RSO, RS1, CSO, CS2, CA1, 

CB1, 02 



±1 

±2.5 


Vcc = 5.25V 

RS2 



±1 

±10 



Input Leakage Current for Three-State Off 

•tsi 

— 

+ 2 

±10 

mA 

V|N = 0.4V to 2.4V 

D0-D7, PB0-PB7, CB2 





Vcc = 5.25V 

Input High Current 

l|H 

-200 

-400 

— 

liA 

V|H = 2.0V 

PA0-PA7, CA2 







Input Low Current 

IlL 

_ 

-2 

-3.2 

mA 

V|L = 0.8V 

PA0-PA7, CA2 





Output High Voltage 

^OH 




V 

Vcc = 4.75V 

Logic 


2.4 


— 


•load^ = -200aA 

PB0-PB7, CB2 (Darlington Drive) 


1.5 

— 

— 


•load^ -3.2mA 

Output Low Voltage 

VoL 

— 

— 

+ 0.4 

V 

Vcc = 4.75V 

PA0-PA7, CA2, PB0-PB7, CB2 






•load 5.2 mA 

D0-D7, IRQ, CNTR 






•load = 1.6 mA 

Output High Current (Sourcing) 

•oh 






Logic 


-200 

-1500 

— 

liA 

VoH = 2.4V 

PB0-PB7, CB2 (Darlington Drive) 


-3.2 

-6 

— 

mA 

Vqh = 1.5V 

Output Low Current (Sinking) 

•OL 





VoL = 0.4V 

PA0-PA7, PB0-PB7, CB2, CA2 


3.2 

— 


mA 


D0-D7, IRQ, CNTR 


1.6 

— 

— 

mA 


Output Leakage Current (Off State) 

•off 

_ 

1 

±10 

/.A 

VoH = 2.4V 

IRQ 






Vcc = 5.25V 

Power Dissipation 

Pd 

— 

7 

10 

mW/MHz 


Input Capacitance 

C,N 





Vcc = 5.0V 

D0-D7, PA0-PA7, PB0-PB7, CA2, CB2 


— 

— 

10 

PF 

V|N = OV 

R/W, RES, RSO, RSI, RS2, CSO, CS2, 


— 

— 

7 

PF 

f = 2 MHz 

CNTR, CA1, CB1, 02 


— 

— 

20 

pF 

Ta = 25'’C 

Output Capacitance 

CoUT 

- 

— 

10 

PF 


Notes: 







1. All units are direct current (dc) except capacitance. 






2. Negative sign indicates outward current flow, positive indicates inward flow. 




3. Typical values are shown for V^c = 5.0V and T^ = 25°C 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 




HdLo 




40-PIN PLASTIC DIP 


mwwwpmi 





44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


INDEX 

CORNER 



D1 1 c PIN 1 

I D2 c INDICATOR 


CHAM.J X 45° 





SEATING PLANE 




^ H Hhb \ 

CHAM. 11 PINS EJECTOR PIN MARKS 
h X 45° PER SIDE 4 PLCS BOTTOM OF 
3 PLCS EQUALLY PACKAGE ONLY 

SPACES (TYPICAL) 

BOTTOM VIEW 


SECTION A-A 

TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 






R65C51 



R65C51 

Rockwell 

Asynchronous Communications 

Interface Adapter (ACIA) 


DESCRIPTION 

The Rockwell CMOS R65C51 Asynchronous Communications 
Interface Adapter (ACIA) provides an easily implemented, pro- 
gram controlled interface between 8-bit microprocessor-based 
systems and serial communication data sets and modems. 

The ACIA has an internal baud rate generator. This feature 
eliminates the need for multiple component support circuits, a 
crystal being the only other part required. The Transmitter baud 
rate can be selected under program control to be any one of 
15 different rates from 50 to 1 9,200 baud, or Vie times an exter- 
nal clock rate. The Receiver baud rate may be selected under 
program control to be either the Transmitter rate, or at Vie times 
an external clock rate. The ACIA has programmable word 
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity: 1, IV 2 , or 
2 stop bits. 

The ACIA is designed for maximum programmed control from 
the microprocessor (MPU), to simplify hardware implementation. 
Three separate registers permit the MPU to easily select the 
R65C51 ’s operating modes and data checking parameters and 
determine operational status. 


FEATURES 

• Low power CMOS N-well silicon gate technology 

• Replacement for NMOS R6551 ACIA 

• Full duplex operation with buffered receiver and transmitter 

• Data set/modem control functions 

• Internal baud rate generator with 15 programmable baud 
rates (50 to 19,200) 

• Program-selectable internally or externally controlled receiver 
rate 

• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

• Programmable interrupt control 

• Program reset 

• Program-selectable serial echo mode 

• Two chip selects 

• 1 or 2 MHz operation 

• 5.0 Vdc ±5% supply requirements 
o Wide range of packages available 

— 28-pin ceramic or plastic DIP 

— 28-pin plastic leaded chip carrier (PLCC) 

• Full TTL compatibility 

• Compatible with R6500, R6500/* and R65C00 micro- 
processors 



IS IS W , 

la: lo o > cc 1 


n n . n . n .n n n 


RxC C 5 
XTLI L 6 
XTLO C 7 
RTS C 8 
CTS II 9 
TxD C 1( 
DTR C 1 


o 

PIN 1 

INDICATOR 


in (o K 00 


-D'ET [TlinJU □ " 

9 I S § 

d: a: d: > Id Iq 


D7 

D6 

D5 

D4 

D3 

D2 

D1 


28-PIN DIP 


28-PIN PLCC 


Figure 1. R65C51 ACIA Pin Assignments 
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ORDERING INFORMATION 


Part Number: 
R65C51 


Frequency 

1 = 1 MHz 

2 = 2 MHz 

Package 

C = 28-Pin Ceramic DIP 
P = 28-Pin Plastic DIP 
J = 28-Pin Plastic Leaded 
Chip Carrier (PLCC) 


fNTERFACE SIGNALS 

Figure 1 (front page) shows the R65C51 ACIA pin assignments 
and Figure 2 groups the signals by functional interface. 

MICROPROCESSOR INTERFACE 
Reset (RES) 

During system initialization, a low on the RES input causes a 
hardware Reset to occur. Upon Reset, the Command Register 
and the Control Register are cleared (all bits set to 0). The Sta- 
tus Register is cleared with the exception of the indications of 
Data Set Ready and Dat a Carr ier Detect, which are externally 
controlled by the DSR and DCD lines, and the Transmitter Empty 
bit, which is set. RES must be held low for one 02 clock cycle 
for a reset to occur. 


Input Clock (02) 

The input clock is the system 02 clock and clocks all data trans- 
fers between the system microprocessor and the ACIA. 

Read/Write (R/W) 

The R/W input, generated by the microproce^or controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows 
a write to the ACIA. 

Interrupt Request (IRQ) 

The IRQ pin is an interrupt output from the interrupt control logic. 
It is an open drain outp ut, pe rmitting several devices to be con- 
nected to t he c ommon IRQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 


Data Bus (D0-D7) 

The eight data line (D0-D7) pins transfer data between the 
processor and the ACIA. These lines are bi-directional and are 
normally high-impedance except during Read cycles when the 
ACIA is selected. 

Chip Selects (CSO, CS1) 

The two chip select inputs are normally connected to the proc- 
essor address lines either directly or thr ough decoders. The ACIA 
is selected when CSO Is high and CS1 is low. When the 
ACIA is selected, the internal registers are addressed in 
accordance with the register select lines (RSO, RS1). 

Register Selects (RSO, RS1) 

The two register select lines are normally connected to the proc- 
essor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register select 
decoding. 


Table 1. ACIA Register Selection 


RSI 

RSO 

Register Operation | 

R/W = Low 

R/W = High 

L 

L 

Write T ransmit Data 
Register 

Read Receiver 

Data Register 

L 

H 

Programmed Reset 
(Data is “Don’t 

Care’’) 

Read Status 

Register 

H 

L 

Write Command 
Register 

Read Command 
Register 

H 

H 

Write Control 

Register 

Read Control 

Register 


The Command Register controls parity, re ceive r echo mode, 
transmitter interrupt control, the state of the RTS line, receiver 
interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The S tatus Register indicates the states of the IRQ, DSR, and 
DCD lines. Transmitter and Receiver Data Registers, and Over- 
run, Framing, and Parity Error conditions. 

The Transmitter and Receiver Data Registers are used for 
temporary data storage by the ACIA Transmit and Receive 
circuits. 

Only the Command and Control registers can be both read and 
written. The programmed Reset operation does not cause any 
data transfer, but is used to clear bits 4 through 0 In the Com- 
mand register and bit 2 In the Status Register. The control 
Register is unchanged by a programmed Reset. It should be 
noted that the pr ogram med Reset is slightly different from the 
hardware Reset (RES); refer to the register description. 
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MICROPROCESSOR 

INTERFACE 


D0-D7 


IRQ- 

R/W - 
CSO - 

RSO- 
RS1 - 

02 - 

RES- 

VCC- 

VSS- 


DATA 

BUS 

BUFFERS 


INTERRUPT 

LOGIC 


I/O 

CONTROL 


TIMING 
& CONTROL 
LOGIC 


TRANSMIT 

CONTROL 


TRANSMIT 
DATA & 
SHIFT 
REGISTERS 


STATUS 

REGISTER 


BAUD 

RATE 

GENERATOR 


CONTROL 

REGISTER 


COMMAND 

REGISTER 


RECEIVE 
DATA & 
SHIFT 
REGISTERS 


RECEIVE 

CONTROL 


■ CTS 

• TxD 

• D^ 
DSR 

- RxC 
XTLI 

• XTLO 


DTR 


RxD 


I MODEM 
I INTERFACE 


Figure 2. ACIA Interface Diagram 


ACIA/MODEM INTERFACE 
Crystal Pins (XTLI, XTLO) 

These pins are normally directly connected to a parallel mode 
external crystal (1 .8432 MHz) to derive the various baud rates. 
Note that capacitors are required from XTLI to ground and from 
XTLO to ground. Alternatively, an externally generated clock can 
drive the XTLI pin, in which case the XTLO pin must float. 

Transmit Data (TxD) 

The TxD output line transfers serial non-return-to-zero (NRZ) data 
to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or by an 
external transmitter clock. This selection is made by program- 
ming the Control Register. 

Receive Data (RxD) 

The RxD input line transfers serial NRZ data into the ACIA from 
the modem, LSB first. The receiver data rate is determined by 
the programmed baud rate or by an externally generated receiver 
clock. The selection is made by programming the Control 
Register. 


mode results if the internal baud rate generator is selected for 
receiver data clocking. 

Request to Send (RTS) 

The RTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 

Clear to Send (CTS) 

The CTS inp ut pin controls the transmitter operation. The enable 
st ate is with CTS low. The transmitter is automatically disabled 
If CTS is high. 

Data Terminal Ready (DTR) 

This outp ut pin indicates the status of the ACIA to the modem. 
A low on DTR indicates the ACIA is enabled, a high indicates 
it is disabled. The processor controls this pin via bit 0 of the Com- 
mand Register. 

Data Set Ready (DSR) 

The DSR input pin indicates to the ACIA the status of the modem. 
A low indicates the “ready” state and a high, “not-ready.” 

Data Carrier Detect (DCD) 

The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. 


Receive Clock (RxC) 

RxC is a bi-directional pin which is either the external receiver 
clock input or a clock output of 16x the baud rate. The latter 
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FUNCTIONAL DESCRIPTION 

A block diagram of the R65C51 ACIA is presented in Figure 3. 
A description of each functional element of the device follows. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the 
internal^data bus. The Data Bus Buffer is bi-directional. When 
the RA/V line is low and the chip is selected, the Data Bus Buffer 
writes the data from th^ystem data lines to the ACIA internal 
data bus. When the R/W line is high and the chip is selected, 
the Data Bus Buffer drives the data from the internal data bus 
to the system data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in 
the Status Register, if ena bled. Bits 5 and 6 correspond to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 
logic. Bits 3 and 4 correspond to the Receive Data Register full 
and the Transmitter Data Register empty conditions. These con- 
ditions can cause an interrupt request if enabled by the Com- 
mand Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal registers 
for a data transfer on the internal data bus and the direction of 
the transfer to or from the register. 

The registers are s^cted by the Register Select (RS1 , RSO) 
and Read/Write (R/W) lines as shown in Table 1. 


TIMING AND CONTROL 

The Timing and Control logic controls the timing of data trans- 
fers on the internal data bus, the registers, the Data Bus Buffer, 
the microprocessor data bus, and the hardware reset. 

Timing is controlled by the system 02 clock input. The chip will 
perform data transfers to or from the microcomputer data bus 
during the 02 high period when selected. 

All registers will be in itialized by the Timing and Control Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state of the registers following a hardware 
reset. 


TRANSMITTER AND RECEIVER DATA REGISTERS 

These registers are used as temporary data storage for the ACIA 
Transmit and Receive circuits. Both the Transmitter and 
Receiver are selected by a Register Select 0 (RS0)_and Register 
Select 1 (RS1) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the T ransmitter 
Data Register is write only and the Receiver Data Register is 
read only. 

Bit 0 is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are “don’t care’’ bits. 

The Receiver Data Register holds the first received data bit in 
bit 0 (least significant bit first). Unused high-order bits are “0”. 
Parity bits are not contained in the Receiver Data Register. They 
are stripped off after being used for parity checking. 
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STATUS REGISTER 

The Status Register indicates the state of interrupt conditions 
and other non-interrupt status information. The interrupt condi- 
tions are Data Set Ready and Data Carrier Detect transitions, 
Transmitter Data Register Empty and Receiver Data Register Full 
as reported in bits 6 through 3, respectively. If any of these bits 
are set, the Interrupt (IRQ) indicator (bit 7) is also set. Overrun, 
Framing Error, and Parity Error are also reported (bits 2 through 
0, respectively). 


7 6 5 4 3 2 1 0 









1 

IRQ 

DSR 

DCD 

TDRE 

RDRF 

OVRN 

FE 

H 


Bit 7 Interrupt (IRQ) 

0 No interrupt 

1 Interrupt has occurred 

Bit 6 Data Set Ready (DSR) 

0 DSR low (ready) 

1 DSR high (not ready) 

Bit 5 Data Carrier Detect (DCD) 

0 DCD low (detected) 

1 DCD high (not detected) 

Bit 4 Transmitter Data Register Empty 

0 Not empty 

1 Empty 

Bit 3 Receiver Data Register Full 

0 Not full 

1 Full 

Bit 2 Overrun* 

0 No overrun 

1 Overrun has occurred 

Bit 1 Framing Error* 

0 No framing error 

1 Framing error detected 

Bit 0 Parity Error* 

0 No parity error 

1 Parity error detected 

*No interrupt occurs for these conditions 

Reset Initialization 


Hardware reset 
Program reset 


7 6 5 4 3 2 1 0 


0 

— 

Hi 

— 

1 

0 

0 

0 

0 






0 

— 

— 


Parity Error (Bit 0), Framing Error (Bit 1), 
and Overrun (Bit 2) 

None of these bits causes a processor interrupt to occur, but they 
are normally checked at the time the Receiver Data Register is 
read so that the validity of the data can be verified. These bits 
are self clearing (i.e., they are automatically cleared after a read 
of the Receiver Data Register.) 


Receiver Data Register Full (Bit 3) 

This bit goes to a 1 when the ACIA transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to a 0 (is cleared) when the processor reads the Receiver Data 
Register. 


Transmitter Data Register Empty (Bit 4) 

This bit goes to a 1 when the ACIA transfers data from the Trans- 
mitter Data Register to the Transmitter Shift Register, and goes 
to a 0 (is cleared) when the processor writes new data onto the 
Transmitter Data Register. 

NOTE: There is a delay of approximately '/le of a bit time after 
the TDR becomes empty/full before this flag is updated. 


Data Carrier Detect (Bit 5) and Data Set Ready (Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. A 0 indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change state, 
an immediate processor interrupt (IRQ) occurs, unless bi t 1 of 
the Command Register (IRD) is set to a 1 to disable IRQ. 
When the interrupt occurs, the status bits indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until after 
the Status Register has been interrogated by the processor. At 
that time, another interrupt will immediately occur and the sta- 
tus bits will reflect the new state. These bits are not automati- 
cally cleared (or reset) by an internal operation. 


Interrupt (Bit 7) 

This bit goes to a 1 whenever an interrupt condition occurs and 
goes to a 0 (is cleared) when the Status Register is read. 
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CONTROL REGISTER 


Selected Baud Rate (Bits 0, 1, 2, 3) 


The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 


WL 


WL1 WLO 


RCS 


SBR 


SBR3 SBR2 SBR1 SBRO 


Bit 7 Stop Bit Number (SBN) 

0 1 Stop bit 

1 2 Stop bits 

1 1 /2 Stop bits 

For WL = 5 and no parity 
1 1 Stop bit 

For WL = 8 and parity 

Bits 6-5 Word Length (WL) 

^ ^ No. Bits 

0 0 8 

0 1 7 

1 0 6 

1 1 5 

Bit 4 Receiver Clock Source (RCS) 

0 External receiver clock 

1 Baud rate 


Bits 3-0 Selected Baud Rate (SBR) 




J_ 


Baud 

0 

0 

0 

0 

TxC rate 16* 

0 

0 

0 

1 

50 

0 

0 

1 

0 

75 

0 

0 

1 

1 

109.92 

0 

1 

0 

0 

134.58 

0 

1 

0 

1 

150 

0 

1 

1 

0 

300 

0 

1 

1 

1 

600 

1 

0 

0 

0 

1200 

1 

0 

0 

1 

1800 

1 

0 

1 

0 

2400 

1 

0 

1 

1 

3600 

1 

1 

0 

0 

4800 

1 

1 

0 

1 

7200 

1 

1 

1 

0 

9600 

1 

1 

1 

1 

19,200 


*XTLI is the input for the External Transmitter Clock (TxC) 


These bits select the Transmitter baud rate, which can be at /,6 
an external transmitter clock rate or one of 15 other rates con- 
trolled by the internal baud rate generator. 

If the Receiver clock uses the same baud rate as the transmit- 
ter (bit 4 = 1), then RxC becomes an output (at 1 6x the baud rate) 
and can be used to slave other circuits to the ACIA. Figure 4 
shows the Transmitter and Receiver layout. 



*AND EXTERNAL TRANSMITTER CLOCK INPUT (TxC) 


Figure 4. Transmitter/Receiver Clock Circuits 


Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A 0 causes 
the Receiver to operate at a baud rate of yie the external receiver 
clock on pin RxC. A 1 causes the Receiver to operate at the 
same baud rate as is selected for the transmitter. 

Word Length (Bits 5, 6) 

These bits determine the word length to be used (5, 6, 7 or 8 bits). 


Reset Initialization 


Stop Bit Number (Bit 7) 


7 6 5 4 3 2 1 0 

00000000 Hardware reset (RES) 
Program reset 


This bit determines the number of stop bits used. A 0 always 
indicates one stop bit. A 1 indicates 1 /z stop bits if the word length 
is 5 with no parity selected, 1 stop bit if the word length is 8 with 
parity selected, and 2 stop bits in all other configurations. 
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COMMAND REGISTER 

The Command Register controls specific modes and functions. 



Data Terminal Ready (Bit 0) 

This bit enables all selected in terrup ts and controls the state 
of the Data Terminal Ready (DTR) line. A 0 indi cates the 
microcomputer system is not ready by setting the DTR line 
high. A 1 ind icates th e mic rocomputer system is ready by set- 
ting the DTR line low. DTR also enables and disables the trans- 
mitter and receiver. 



Bits 7-6 Parity Mode Control (PMC) 

Z 6. 

0 0 Odd parity transmitted/received 

0 1 Even parity transmitted/received 

1 0 Mark parity bit transmitted 

Parity check disabled 
1 1 Space parity bit transmitted 

Parity check disabled 

Bit 5 Parity Mode Enabled (PME) 

0 Parity mode disabled 
No parity bit generated 
Parity check disabled 

1 Parity mode enabled 

Bit 4 Receiver Echo Mode (REM) 

0 Receiver normal mode 

1 Receiver echo mode 

Bits 2 and 3 must also be zero for receiver echo 
mode, RTS will be low. 

Bits 3-2 Transmitter Interrupt Control (TIC) 

^ ^ 

0 0 RTS = High, transmitter disabled* 

0 1 RTS = Low, transmit interrupt enabled 

1 0 RTS = Low, transmit interrupt disabled 

1 1 RTS = Low, transmit interrupt disabled, 

transmit break on TxD** 

Bit 1 Rec eiver Interrupt Request Disabled (IRD) 

0 IRQ enabled (receiver) 

1 IRQ disabled (receiver) 

Bit 0 Data Terminal Ready (D TR) 

0 Data terminal not re ady (D TR high)* 

1 Data terminal ready (DTR low) 


Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver DCD and DSR from gen erat- 
ing an interrupt when set to a 1. The Receiver DCD and DSR 
interrupts are enabled when this bit is set to a 0 and Bit 0 is 
set to a 1 . 

Transmitter Interrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 

Receiver Echo Mode (Bit 4) 

A 1 enables the Receiver Echo Mode and a 0 disables the 
Receiver Echo Mode. When bit 4 is a 1 bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Receiver delayed by one-half bit 
time. 

Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checking. A 0 disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 

Parity Mode Control (Bits 6, 7) 

These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). 

Reset Initialization 

7 6 5 4 3 2 1 0 

0|o|o|o|o|o|o|o| Hardware reset (RES) 

—I— I— 1 0 1 0 1 0 1 0 1 0 1 [Program reset 


NOTE 

*The transmitter is disabled immediately. The receiver 
is disabled but will first complete receiving a byte in 
process of being received. 

*A “BREAK” is transmitted only after the end of a 
character stream. If the Transmitter Data Register con- 
tains a character, the “BREAK” is not transmitted. 
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STATUS REGISTER OPERATION 

Because of the special functions of the various status bits, there 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 

1. Read Status Register 

This operation auto mati cally c lears Bit 7 (IRQ), Subsequent 
transitions on DSR and DCD will cause another interrupt. 

2. Check IRQ (Bit 7) in the data read from the Status Register 
If not set, the interrupt source is not the ACIA. 

3. Check DCD and DSR 

These must be compared to their previous levels, which must 
have been saved by the processor. If they are both 0 (modem 
“on-line”) and they are unchanged, then the remaining bits 
must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

PROGRAM RESET OPERATION 

A program Reset occurs when the processor performs a write 
operation to the ACIA with RSO low and RSI high. The program 


Rese t operates somewhat differently from the hardware Reset 
(RES pin) and is described as follows: 

1 . Internal registers are not completely cleared. Check register 
formats for the effect of a program Reset on internal registers. 

2. The DTR line goes high immediately. 

3. R ecei ver and transmitter interrupts are disabled immediately. 
If IRQ is low when the reset occur s, it st ays low u ntil serviced, 
unless interrupt was caused by DCD or DSR transition. 

4. DCD and DSR interrupt s are di sable d immediately. If IRQ is 
low a nd was ca used by DCD or DSR, then it goes high, also 
DCD and DSR status bits subsequently will follow the input 
lines, although no interrupt will occur. 

5. Overrun cleared, if set. 

TRANSMITTER AND RECEIVER OPERATION 
Continuous Data Transmit 

In the normal operating mode, the interrupt request output (IRQ) 
signals when the ACIA is ready to accept the next data word 
to be transmitted. This interrupt occurs at the beginning of the 
Start Bit. When the processor reads the Status Register of the 
ACIA, the interrupt is cleared. 

The processor must then identify that the Transmit Data Register 
is ready to be loaded and must then load it with the next data 
word. This must occur before the end of the Stop Bit, otherwise 
a continuous “MARK” will be transmitted. Figure 5 shows the 
continuous Data Transmit timing relationship. 



Figure 5. Continuous Data Transmit 
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Continuous Data Receive 

Similar to the Continuous Data Tr ansm it case, the normal 
operation of this mode is to assert IRQ when the ACIA has 
received a full data word. This occurs at about ^/i6 point through 
the Stop Bit. The processor must read the Status Register and 


read the data word before the next interrupt, otherwise the 
Overrun condition occurs. Figure 6 shows the continuous Data 
Receive Timing Relationship. 


RxD Start Bq B., M* Stop Start Bq B^ ^ Stopistart Bq Stop Start Bq B, 


Bjg P Stop 


PROCESSOR . 

INTERRUPT OCCURS/ 
ABOUT 9/16 INTO 
LAST STOP BIT. 

PARITY, OVERRUN. 

AND FRAMING ERROR 
ALSO, UPDATED 


PROCESSOR REAPS STATUS 
REGISTER, CAUSES IRQ 
TO CLEAR 


PROCESSOR MUST READ 
. RECEIVER DATA IN THIS 
TIME INTERVAL; OTHERWISE, 
OVERRUN OCCURS 


Figure 6. Continuous Data Receive 


Transmit Data Register Not Loaded by Processor 

If the processor is unable to load the Transmit Data Register in 
the allocated time, then the TxD line goes to the “MARK” con- 
dition until the data is loaded. IRQ interrupts continue to occur 
at the same rate as previously, except no data is transmitted. 


When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figure 7 
shows the timing relationship for this mode of operation. 


Stopistart Bg B^ 


CONTINUOUS "MARK" 


.CHARACTER _ 
TIME 


Stopistart Bg 


::el 


PROCESSOR 
INTERRUPT 
FOR DATA 
REGISTER 
EMPTY 


PROCESSOR 
DOESr^ LOAD 
NEW DATA IN 
TIME 


PROCESSOR 

READS 

STATUS 

REGISTER 


INTERRUPTS 
CONTINUE AT 
CHARACTER RATE, 
EVEN THOUGH 
NO DATA IS 
TRANSMITTED 


WHEN PROCESSOR FINALLY LOADS 
NEW DATA. TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 
OCCURS. INDICATING TRANSMIT 
DATA REGISTER EMPTY 


Figure 7. Transmit Data Register Not Loaded by Processor 
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Effect of CTS on Transmitter 

CTS is the Clear-to-Send signal generated by the modem. It is nor- 
mally low (true state) but may go high in the event of some mod- 
em problems. When this occurs, the TxD line goesto the “MARK” 
condition after the entire last char acter (including parity and stop 
bit) has been transmitted, unless CTS goes high during the start 


bit. Then TxD goes immediately to a “MARK” condition. Bit 4 in 
the Status Register indicates that th e Tra nsmitter Data Register 
is not empty and IRQ is not asserted. CTS is a transmit control line 
only, and has no effect on the ACIA Receiver Operation. Figure 8 
shows the timing relationship for this mode of operation. 


CONTINUOUS "MARK” 



TTO IS NOT ASSERTED 
AGAIN UNTIL "CTS 
NOT CLEAR-TO-SEND LOW 


Figure 8. Effect of CTS on Transmitter 


Effect of Overrun on Receiver 

If the processor does not read the Receiver Data Register in the 
allocated time, when the next interrupt occurs, the new data word 
is not transferred to the Receiver Data Register, but the Overrun 


status bit is set. Thus, the Data Register will contain the last valid 
data word received and all following data is lost. Figure 9 shows 
the timing relationship for this mode. 


Istoplstartl | 1 I I I ^ |stop|startj I I I I ^ jstopjstart I I I I ®N I P |stop|startJ 


PROCESSOR 1 

INTERRUPT ^ PROCESSOR 

FOR RECEIVER READS 

DATA REGISTER STATUS 

FULL REGISTER 


PROCESSOR 
DOES NOT 
READ DATA 
REGISTER 


PROCESSOR DOES I 
NOT READ STATUS) 
REGISTER I 


' RECEIVER DATA REGISTER 
NOT UPDATED, BECAUSE 
PROCESSOR DID NOT READ 
PREVIOUS DATA. OVERRUN 
BIT SET IN STATUS 
REGISTER 


' OVERRUN BIT SET IN 
STATUS REGISTER 



Figure 9. Effect of Overrun on Receiver 
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Echo Mode Timing 

In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by V 2 of the bit time, as shown in Figure 10. 



Figure 10. Echo Mode Timing 


Effect of CTS on Echo Mode Operation 

In Echo Mode, the Receiver operation is unaf fected by CTS, the Receiver Data Register is full in response to an IRQ, so the 

however, the Transmitter is affected when CTS goes high, i.e., processor has no way of knowing that the Transmitter has 

the TxD line immediately goes to a continuous “MARK” con- ceased to echo. See Figure 11 for the timing relationship of this 

dition. In this case, however, the Status Request indicates that mode. 



Figure 1 1 . Effect of CTS on Echo Mode 
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Overrun in Echo Mode 

If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as a normal overrun in Receive Mode. For the re- 
transmitted data, when overrun occurs, the TxD line goes to the 


“MARK” condition until the first Start Bit after the Receiver Data 
Register is read by the processor. Figure 12 shows the timing 
relationship for this mode. 


RxD IStopIStartl Bq I I P jstopjstartj I I , / I ®N I P I Stop Start! I P Stop Start P 


PROCESSOR 
INTERRUPT 
FOR RECEIVER 
DATA REGISTER 
FULL 


PROCESSOR 
DOES NOT 
READ RECEIVER 
DATA REGISTER 


PROCESSOR FINALLY 
READS RECEIVER 
DATA REGISTER, 
LAST VALID 
CHARACTER (#nl 


TxD DATA 
RESUMES 


PROCESSOR 

READS 

STATUS 

REGISTER 


OVERRUN OCCURS 
TxD GOES TO 
"MARK" 
CONDITION 


PROCESSOR 
INTERRUPT 
FOR CHAR#x 
IN RECEIVER 
DATA REGISTER 


Figure 12. Overrun in Echo Mode 


Framing Error 

Framing Error is caused by the absence of Stop Bit(s) on 
received data. A Framing Error is indicated by the setting of bit 1 
in the Status Register at the same time the Receiver Data 
R egiste r Full bit is set, also in the Status Register. In response 
to IRQ, generated by RDRF, the Status Register can also be 


checked for the Framing Error. Subsequent data words are 
tested for Framing Error separately, so the status bit will always 
reflect the last data word received. See Figure 13 for Framing 
Error timing relationship. 


RxD 

(EXPECTED) 


P pt°p'Stop Bq 


p Stop Stop I 



NOTES: 1. FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION. 


2. IF NEXT DATA WORD IS OK, 
FRAMING ERROR IS CLEARED. 


PROCESSOR 
INTERRUPT 
FRAMING 
ERROR 
BIT SET 


Figure 13. Framing Error 
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Effect of DCD on Receiver 

DCD is a modem output indicating the status of the carrier-fre- 
quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop trans mittin g data some time later. The ACIA asserts IRQ 
whenever DCD changes state and indicates this condition via 
bit 5 in the Status Register. 


Once such a change of state occurs, subsequent transitions will 
not cause interrupts or changes in the Statu s Register until the 
first interrupt is serviced. When the DCD input is high, the 
receiver is disabled (see Figure 14). 




Timing with IV2 Stop Bits 

It is possible to select 11/2 Stop Bits, but this occurs only for trailing half-Stop Bit. Figure 15 shows the timing relationship for 

5-bit data words with no parity bit. In this case, the IRQ asserted this mode, 

for Receiver Data Register Full occurs halfway through the 



Figure 15. Timing with IV 2 Stop Bits 
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Transmit Continuous “BREAK” 

This mode is selected via the ACIA Command Register and 
causes the Transmitter to send continuous “BREAK” charac- 
ters, beginning with the next character transmitted. At least one 
full “BREAK” character will be transmitted, even if the processor 
quickly re-programs the Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 16 shows the timing rela- 
tionship for this mode. 


NOTE 

If, while op eratin g in the Transmit Continuous “BREAK” 
mode, the CTS shou ld go to a high, the TxD will be 
overridden by the CTS and will go to continuous “MARK” 
at the beginning of the next character transmitted after the 
CTS goes high. 



Figure 16. Transmit Continuous “BREAK” 


Receive Continuous “BREAK” 

In the event the modem transmits continuous “BREAK” char- shows the timing relationship for continuous “BREAK” 

acters, the ACIA will terminate receiving. Reception will resume characters, 

only after a Stop Bit is encountered by the ACIA. Figure 17 



Figure 17. Receive Continuous “BREAK” 
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CRYSTAL/CLOCK CONSIDERATIONS 

CLOCK OSCILLATOR 

The on-chip oscillator is designed for a parallel resonant crys- 
tal connected between XTLI and XTLO pins. The equivalent 
oscillator circuit is shown in Figure 18. 


C ± 5% XTLI 

1;^843==[Z3XTAL 


^ C±5% XTLO 



R65C51 


2pF 


Figure 18. Internal Clock 


A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator operation, 
the load capacitance (Cl), series resistance (Rs) and the crys- 
tal resonant frequency (F) must meet the following two relations: 


(C + 2) = 2Cl or C = 2 Cl - 2 


Rs ^ Rsmax 


2x106 

(FCl)^ 


where: F is in MHz; C and Cl are in pF; R is in ohms. 


To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer’s catalog. Next, 
calculate Rsmax based on F and Cl. The selected crystal must 
have a Rs less than the Rsmax- 

For example, if Cl = 13 pF for a 1.8432 MHz parallel resonant 
crystal, then 


C = (2x13) - 2 = 18 pF 

The series resistance of the crystal must be less than 


Rsmax 


2x106 

(1.8432x13)2 


3.3K ohms 


EXTERNAL CLOCK MODES 

The XTLI input may be used as an external clock input (Fig- 
ure 19). For this implementation, a times 16 clock is input on 
XTLI and XTLO is left open. 


EXTERNAL 

TRANSMITTER 

CLOCK 


NO CONNECTION 


-|^ XTLO 


R65C51 


Figure 19. External Clock 
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GENERATION OF NON-STANDARD BAUD RATES 


Divisors 

The internal counter/divider circuit generates appropriate divi- 
sors to produce standard baud rates when a 1 .8432 MHz crys- 
tal is connected between XTLI and XTLO. Control Register bits 
0-3 select the divisor for a particular baud rate as shown in 
Table 2. 


Generating Non-Standard Baud Rates 

By using a different crystal, non-standard baud rates may be 
generated. These can be determined by: 

Baud Rate = Crystal Frequency 
Divisor 

Furthermore, it is possible to drive the ACIA with an off-chip oscil- 
lator to achieve other baud rates. In this case, XTALI (pin 6) must 
be the clock input and XTALO (pin 7) must be a no-connect. 


Table 2. Divisor Selection 


Control 

Register 

Bits 

Divisor Seiected 

For The 

Internal Counter 

Baud Rate Generated 

With 1.8432 MHz 

Crystal 

Baud Rate Generated 

With a Crystal 
of Frequency (F) 

3 

2 

1 

0 





0 

0 

0 

0 

16 

External Transmitter Clock Rate -r 16 

External Transmitter Clock Rate -r 16 

0 

0 

0 

1 

36,864 

1.8432 X 10® 

= 50 

F 

36,864 

36,864 

0 

0 


0 

24,576 

1.8432 X 106 

= 75 

F 


24,576 

24,576 

0 

0 



16,769 

1.8432 X 10® 

-= 109.92 

F 



16,769 

16,769 

0 


0 

0 

13,704 

1.8432 X 10® 

= 134.51 

F 


13,704 

13,704 

0 


0 

1 

12,288 

1.8432 X 10® 

-= 150 

F 


12,288 

12,288 

0 

1 

1 


6,144 

1.8432 X 10® 

-= 300 

F 


6,144 

6,144 

0 

1 

1 

1 

3,072 

1.8432 X 10® 

-= 600 

F 

3,072 

3,072 

1 

0 

0 

0 

1,536 

1.8432 X 10® 

-= 1,200 

F 

1,536 

1,536 

1 

0 

0 

1 

1,024 

1.8432 X 10® 

-= 1,800 

F 

1,024 

1,024 

1 

0 

i 

0 

768 

1.8432 X 10® 

-=2,400 

F 

1 

768 

768 

■l 

0 

■j 

1 

512 

1.8432 X 10® 

-= 3,600 

F 




512 

512 

1 

1 

0 

0 

384 

1.8432 X 10® 

-= 4,800 

F 

384 

384 

1 

1 

0 

A 

256 

1.8432 x 10® 

F 

1 

256 


256 

■j 

1 

•l 

0 

192 

1.8432 X 10^ 

F 



192 


192 

1 

1 

1 

H 

96 

1.8432 x 10® 

F 

1 

96 


96 
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DIAGNOSTIC LOOP-BACK OPERATING MODES 

It may be desirable to include in the system a facility for local 
loop-back testing. 

In local loop-back testing, the Modem and Data Link must be 
effectively disconnected and the ACIA transmitter connected 
back to its own receiver, so that the processor can perform di- 
agnostic checks on the system, excluding the actual data 
channel. 

The ACIA does not contain automatic loop-back operating 
modes, but they may be implemented with the addition of a small 
amount of external circuitry. Figure 20 indicates the necessary 
logic to be used with the ACIA. The LLB line is the positive-true 
signal to enable local loop-back operation. Essentially, LLB = 
high does the following; 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 

3. Connects transmit ter ou tp uts to respe cti ve re ceived inputs 
(i.e., TxD to RxD, DTR to DCD, RTS to CTS). 


LLB may be tied to a peripheral control pin (from an R65C21 
or R65C24, for example) to provide processor control of local 
loop-back operation. In this way, the processor can easily per- 
form local loop-back diagnostic testing. 

MISCELLANEOUS 

1. If Echo Mode is selected, RTS goes low. 

2. If Bit 0 of Command Register (DTR) is 0 (disabled), then: 

a) All i nterru pts are disabled, including those caused by DCD 
and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 

3. Odd parity occurs when the sum of all the 1 bits in the data 
word (including the parity bit) is odd. 

4. In the receive mode, the received parity bit does not go into 
the Receiver Data Register, but generates parity error or no 
parity error for the Status Register. 

5. Transmitter and Receiver may be in full operation simultane- 
ously. This is “full-duplex” mode. 



Figure 20. Loop-Back Circuit Schematic 
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6. If the RxD line inadvertently goes low and then high right after 
a Stop Bit, the ACIA does not interpret this as a Start Bit, 
but samples the line again halfway into the bit time to deter- 
mine if it is a true Start Bit or a false one. For false Start Bit 
detection, the ACIA does not begin to receive data, instead, 
only a true Start Bit initiates receiver operation, 

7. DCD and DSR transitions, although causing immediate 
processor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces the 
transmitter to turn off. Since these are high-impedance inputs, 
they must not be permitted to float (un-connected). If unused, 
they must be tied to GND. 



8. If TORE is checked by polling (rather than by interrupt), a 
period of at least Baud clock should be allowed after load- 
ing Tx Data Buffer to ensure that TDRE is valid. 


READ TIMING DIAGRAM 

Timing diagrams f or tra nsmit with external clock, receive with 
external clock, and IRQ generation are shown in Figures 21 , 22 
and 23, respectively. The corresponding timing characteristics 
are listed in Table 3. 


Table 3. Transmit/Receive Characteristics 


Characteristic 

Symbol 

1 MHz 

2 MHz 

Unit 

Min 

Max 

Min 

Max 

Transmit/Receive 
Clock Rate 

tcCY 

400* 

— 

400* 

— 

ns 

Transmit/Receive 
Clock High Time 

tcH 

175 

— 

175 

— 

ns 

Transmit/Receive 
Clock Low Time 

tcL 

175 

— 

175 

— 

ns 

XTLI to TxD 
Propagation Delay 

too 

— 

500 

— 

500 

ns 

WfS, DTR 
Propagation Delay 

foLY 

— 

500 

— 

500 

ns 

IRQ Propagation 
Delay (Clear) 

f|RQ 

— 

500 

— 

500 

ns 


Notes: 

(tp, tp = 10 to 30 ns) 

1 

*The baud rate with external clocking is: Baud Rate = 

16 X tccY 


Figure 21. Transmit Timing with Externai Clock 



02 / \ 



i 

" toLY 


DTR, WfS 
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' 

im 

(CLEAR) 
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/ 
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Figure 23. interrupt and Output Timing 
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SWITCHING CHARACTERISTICS 



Notes: 


1. tR and tp = 10 to 30 ns. 

2. Timing measurements are referenced to/from a low of 0.8 volts and a high of 2.0 volts. 



02 


CSo, CSi, RSo, RSi 

R/W 


DATA BUS 



3 





R65C51 Asynchronous Communications Interface Adapter (ACIA) 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

o< 

o 

-0.3 to +7.0 

Vdc 

Input Voltage 

V,N 

— 0.3 to Vqc +0.3 

Vdc 

Output Voltage 

Vqut 

— 0.3 to Vqc +0.3 

Vdc 

Operating Temperature 
Commercial 

Ta 

0 to +70 

“C 

Storage Temperature 

^STG 

-55 to +150 

°C 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

Vcc 

5Vdc ±5% 

Temperature Range 
Commercial 

Ta 

Tl to Th 

0® to 70®C 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Test Conditions 

Input High Voltage 

V,H 




V 


Except XTLI 


2.0 

— 

Vcc 



XTLI 


2.8 

— 

Vcc 



Input Low Voltage 

V,L 




V 


Except XTLI 


-0.3 

— 

+ 0.8 



XTLI 


-0.3 

— 

+ 0.4 



Input Leakage Current: 

•in 

— 

±1 

±2.5 

mA 

V,N = OV to Vcc 

02, R/W, RES, CSO, CS1, RSO, RS1, CTS, RxD, DCD, DSR 






Vcc = 5.25V 

Input Leakage Current (Three State Off) 

•tsi 

— 

±2 

±10 

nA 

V|N = 0.4V to 2.4V 

D0-D7 






Vcc = 5.25V 

Output High Voltage: 

VOH 

2.4 

— 

— 

V 

Vcc = 4.75V 

D0-D7, TxD, RxC, RTS, DTR 






•load == -100 aA 

Output Low Voltage: 

VoL 

— 

— 

0.4 

V 

Vcc = 4.75V 

D0-D7, TxD, RxC, RTS, DTR, IRQ 






•load = 1-6 mA 

Output High Current (Sourcing): 

•oh 

-100 

-400 

— 

aA 

VoH = 2.4V 

D0-D7, TxD, RxC, WTS , DTR 







Output Low Current (Sinking): 







D0-D7, TxD, RxC, RTS, DTR, IRQ 

•OL 

1.6 

— 

— 

mA 

Vql = 0.4V 

Output Leakage Current (off state): IRQ 

•off 

- 

- 

10 

l^A 

VouT = 5.0V 

Power Dissipation 

Pd 

- 

7 

10 

mW/MHz 


Input Capacitance 






Vcc = 5.0V 

02 

^CLK 

— 

— 

20 

pF 

V,N = OV 

All except 02 

C|N 



10 

PF 

f = 2 MHz 

Ta = 25°C 

Output Capacitance 

^OUT 

- 

- 

10 

pF 



Notes: 

1 . All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for Vcc = 5.0V and TA = 25®C. 
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PACKAGE DIMENSIONS 


Asynchronous Communications interface Adapter (ACiA) 


28-PIN CERAMIC DIP 


I 28 

I 1 


” 1*5 

14 

^ t 

L B 

J 1 







DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

35.05 

36 07 

1.380 

1.420 

B 

15.11 

15.88 

0 595 

0 625 

C 

2.54 

4.19 

0.100 

0.165 

D 

0.38 

0.53 

0.015 

0 021 

F 

0.76 

1.27 

0.030 

0 050 

G 

2.54 BSC 

0.100 BSC 

H 

0.76 

1.78 

0.030 

0.070 

J 

0.20 

0.33 

0.008 

0.013 

K 

2.54 

4.19 

0.100 

0.165 

L 

14.60 

15.37 

0.575 

0 605 

M 

0“ 

10® 

0° 

10° 

N 

0.51 

1.52 

0.020 

0.060 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

36.32 

37.34 

1.430 

1.470 

B 

13 46 

13.97 

0.530 

0.550 

C 

3.56 

5 08 

0.140 

0.200 

D 

0.38 

0.53 

0.015 

0.021 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 BSC 

0.100 BSC 

H 

1.65 

2.16 

0.065 

0.085 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.30 

4.32 

0.130 

0.170 

L 

15.24 BSC 

0.600 BSC 

M 

7° 

10° 

7° 

10° 

N 

0.51 

1.02 

0.020 

0.040 


28-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.14 

4.39 

0.163 

0.173 

A1 

1.37 

1.47 

0.054 

0.058 

A2 

2.31 

2.46 

0.091 

0.097 

b 

0.457 TYP 

0.018 TYP 

D 

12.37 

12.52 

0.487 

0.493 

D1 

11.43 

11.53 

0.450 

0.454 

D2 

7.54 

7.70 

0.297 

0.303 

D3 

10.67 REF 

0.420 REF 

e 

1.27 BSC 

0.050 BSC 

h 

1 15 TYP 

0.045 TYP 

J 

0.25 TYP 

0.010 TYP 

a 

45“ TYP 

45° TYP 

R 

0.89 TYP 

0.035 TYP 

R1 

0.25 TYP 

0.010 TYP 




EDGE) 




BOTTOM VIEW 




R65C52 


Rockwell 


PRELIMINARY 

FEATURES 

• Low power CMOS N-well silicon gate technoiogy 

• Two independent fuil duplex channels with buffered receivers 
and transmitters. 

• Data set/modem control functions 

• Internal baud rate generator with 15programmabiebaud rates 
(50 bps to 38,400 bps) 

• Program-selectable internally or externally controlled receiver 
and transmitter bit rates 

• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

• Programmable interrupt control 

• Edge detect for DCD, DSR, and CTS 

• Program-selectable echo mode for each channel 

• Compare Register 

• Address/Data frame recognition 

• 5.0 Vdc ±5% supply requirements 

• 40-pin plastic or ceramic DIP or 44-pin PLCC 

• Full TTL or CMOS input/output compatibility 

• Compatible with R6500 and R65C00 microprocessors and 
R6500/* microcomputers 

ORDERING INFORMATION 

Part Number: 

R65C52 


Temperature Range (Tl to Th): 
Blank = 0°Cto+70°C 

E = -40°Cto -t-85°C 

Frequency Range; 

1 = 1 MHz 

2 = 2 MHz 

3 = 3 MHz 

Package 

C = 40-Pin Ceramic DIP 
P = 40-Pin Plastic DIP 
j = 44-Pin Plastic Leaded 
Chip Carrier (PLCC) 


DESCRIPTION 

The Rockwell CMOS R65C52 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled two-channel interface between 8-bit 
microprocessor-based systems and serial communication data 
sets and modems. 

The DACIA is designed for maximum programmed control from 
the microprocessor (MPU) to simplify hardware implementation. 
Dual sets of registers allow independent control and monitoring 
of each channel. 

Transmitter and Receiver bit rates may be controlled by an inter- 
nal baud rate generator or external times 16 clocks. The baud rate 
generator accepts either a crystal or a clock input, and provides 
15 programmable baud rates. When a 3.6864 MHz crystal is used, 
the baud rates range from 50 bps to 38,400 bps. 

The DACIA may be programmed to transmit and receive frames 
having word lengths of 5, 6, 7 or 8 bits; even, odd, space, mark 
or no parity: and 1 or 2 stop bits. 

A Compare Register, and the ability to detect address frames, facili- 
tate address recognition in a multidrop mode. 


R65C52 

Dual Asynchronous Communications 
Interface Adapter (DACIA) 


Document No. 68650N09 


Product Description 


Order No. 2165 
Rev. 4, June 1987 
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INTERFACE SIGNALS 

The DACIA is available in a 40-pin DIP or a 44-pin PLCC. Figure 1 
shows the pin assignments for each package. The DACIA inter- 
face signals are shown in Figure 2. Table 1 contains a description 
of each signal. 
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E 
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36 

□ RSI 
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39 

□ 

TxC 

NC 

q 

6 

35 

□ RSO 

TxDI 

c 
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38 


TxD2 

DSR2 

0 

7 

34 
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dtrT 

i: 
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INDICATOR 


37 

□ 

bTR2 

DCD2 

c 

8 

33 

□ DSR1 

RxDI 

E 
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36 
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RxD2 

CTS2 

E 

9 

32 

□ DCD1 

IRm 

E 

11 






35 

□ 

iRQ2 
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C 

10 

31 

□ CTS1 

rtsT 

E 

12 






34 

□ 

RTS2 

iRQ2 

C 

11 

30 

□ RT^ 

cfsT 

E 

13 






33 

□ 

CTS2 

RxD2 

E 

12 

29 

□ IrqT 


C 

14 






32 

3 
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bTR2 

C 

13 

28 

□ RxDI 

dsrT 

E 

15 






31 
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bSR2 

TxD2 

E 

14 

27 
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NC 

E 

16 






30 
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NC 

TxC 

C 

15 

26 

□ TxDI 
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E 
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C 

16 
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O) 
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D6 

E 

17 

24 
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d 
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D4 

E 

19 

22 
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RSI 
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R/W 

CS 

Vcc 

NC 
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NC 

rALi 

ALO 

o 

z 




Vss 

C 

20 

21 

□ D3 







X 






40-PIN DIP 44-PIN PLCC 


NC = NO CONNECTION. NO SIGNAL SHOULD BE CONNECTED TO THIS PIN. 


Figure 1. R65C52 Pin Assignments 
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MUX 


ACIA1 

REGISTERS 

AND 

CONTROL 

LOGIC 


ACIA1 BAUD 
RATE SELECT 


CLOCK 

LOGIC 


ACIA2 BAUD 
RATE SELECT 


ACIA2 

REGISTERS 

AND 

CONTROL 

LOGIC 


, CTS1 
. DCD1 
DSR1 
RxD1 
' TxD1 
' DTR1 
' RTS1 


, RxC 
. XTALI 
- CLKOUT 
XTALO 
TxC 


ACIA 

CHANNEL 1 


ACIA 

CHANNEL 2 


Figure 2. R65C52 DACIA Interface Signals 
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Table 1. DACIA Interface Signal Definitions 



Pin No. 



Signal 

DIP 

PLCC 

I/O 

Name/Description 

Host Interface | 

Ms 

1 

24 

1 

Reset. Active low input controlling the reset function. This signal must be driven low for a minimum of 

4 fis for a valid reset to occur. It is driven high during normal operation. 

R/W 

38 

20 

1 

Read/Write. Input controlling the direction of data transfer. It is driven low during write cycles, and is 
driven high at all other times. 


39 

21 

1 

Chip Select. Active low input enabling daj^ transfers between the host CPU and the DACIA. The 

DACIA latches register selects and the R/W input on the falling edge of CS. It latches Input data on 





the rising edge of CS. 

RS0-RS3 

35-37 

17-19 

1 

Register Select. Three inputs controlling access to the DACIA internal registers. Table 3 lists the 
coding for each register. 

D0-D3 

24-21 

6-3 

I/O 

Data Bus. Eight bidirectional lines used to transfer data between the host and the DACIA. These lines 

D4-D7 

19-16 

44-41 


output data during READ cycles when CS is low. At all other times, they are in the high impedance 





state. 

iMT 

29 

11 

0 

Interrupt Request. Two active low, open-drain outputs from the interrupt control logic. These outputs 

IRQ2 

11 

35 


are normally high. An IRQ line goes low when one of the flags of the associated ISR is set if the 
corresponding enable bit is set in the lER. 

Clock Interface | 

XTALI 

3 

26 

1 

Crystal Input/Output. One input and one output through which the reference signal for the internal 

XTALO 

4 

27 

0 

clock oscillator is supplied. A parallel resonant crystal may be connected across the pins or a clock 
may be input at XTALI. When a clock is used, XTALO must be left open. 

CLK OUT 

5 

29 

0 

Clock Out. A buffered output from the internal clock oscillator which is in phase with XTALI. This 
output may be used to drive the XTALI input of another DACIA. Therefore, several DACIA chips may 
be driven with one crystal. 

RxC 

25 

7 

1 

Receiver Clock. Input for external 16x receiver clock. 

TxC 

15 

39 

1 

Transmitter Clock. Input for external 16x transmitter clock. 

Serial Channel Interface | 

DTR1 

27 

9 


Data Terminal Ready. Two general purpose outputs which are set high upon reset. The output 

DTR2 

13 

37 


level is programmed by setting the appropriate bit in the associated Format Register (FR) high or 
low. The state of each DTR line is reflected by the DTR LVL bit in the associated Control Status Register 
(CSR). 

dsrT 

33 

15 

1 

Data Set Ready. Two general purpose inputs. An active transition sets the DSRT bit in the Interrupt 

DSR2 

7 

31 


Enable Register (ISR). The DSR LVL bit in the associated CSR reflects the current state of a DSR line. 


30 

12 

0 

Request To Send. Two general purpose outputs which are set high upon reset. The output level is 

RTS2 

10 

34 


programmed by setting the appropriate bit in the associated FR high or low. The state of an RTS line is 





reflected by the RTS LVL bit in the associated CSR. 

ctsT 

31 

13 

1 

Clear To Send. The CTS control line inputs allow handshaking by the transmitters. When CTS is low. 

CTS2 

9 

33 


the data is transmitted continuously. When CTS is high, the Transmit Data Register Empty bit (TDRE) 





in the associated ISR is not set. The word presently in the Transmit Shift Register is sent normally. 

Any active transition on a CTS line sets the CTST bit in the appropriate ISR. The CTS LVL bit in the 
associated CSR reflects the current state of CTS. 

TxDI 

26 

8 

0 

Transmit Data. The TxD outputs transfer serial non-return to zero (NRZ) data to the data communications 

TxD2 

14 

38 


equipment (DCE). The data is transferred, LSB first, at a rate determined by the baud rate generator 
or external clock. 

dcdT 

32 

14 

1 

Data Carrier Detect. Two general purpose inputs. An active transition sets the DCDT bit in the 

DCD2 

8 

32 


appropriate ISR. The DCD LVL bit in the associated CSR reflects the current state of a DCD line. 

RxD1 

28 

10 

1 

Receive Data. The RxD inputs transfer serial NRZ data into the DACIA from the DCE, LSB first. The 

RxD2 

12 

36 


receiver baud rate is determined by the baud rate generator or external clock. 

Power I 

vcc 

40 

22 

1 

DC Power Input. 5.0V ±5%. 

vss 

20 

1 

1 

Power and Signal Reference. 
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FUNCTIONAL DESCRIPTION 

Figure 3 is a block diagram of the DACIA which consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 


RESET LOGIC 

The Reset Logic sets various inter nal re gisters, status bits and con- 
trol lines to a known state. The RES input must be driven low 
for a minimum of 4 /is for a valid reset to occur. At this time, the 
lERs are set to $80, the RDRs and AC Rs a re cle ared, and the com- 
pare mode is disa bled. Also, the DTR and RTS outputs are 
driven high and the CTS, DCD and DSR transition detect flags 
are cleared. No other bits are affected. 


DATA BUS BUFFER 

The Data Bus Buffer is a bidirectional interface between the data 
lines and the internal data bus. The state of the Data Bus Buffer 
is controlled by the I/O Control Logic and the Interrupt Logic. 
Table 2 summarizes the Data Bus Buffer states. 


I/O CONTROL LOGIC 

The I/O Control Logic controls data transfers between the Inter- 
nal Registers and the Data Bus Buffer. Internal Register selection 
is determjned by the Register Select inputs as shown in Table 3. 
When R/W is high and CS is low, data from the selected register 


is transferred from the internal data bus to the data lines. When 
CS is high, the DACIA is deselected and the data lines are 
tri-stated. 


INTERRUPT LOGIC 

The interrupt logic causes the IRQ lines (IRQ1 or IRQ2) to go low 
when conditions are met that require the attention of the MPU. 
There are two registers (the Interrupt Enable Register and the Inter- 
rupt Status Register) involved in the control of interrupts in the 
DA CIA. Corresponding bits in both registers must be set to cause 
an IRQ. 


CLOCK OSCILLATOR LOGIC 

The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an exter- 
nal clock. 

The baud rate generator may be disabled by connecting XTALI 
to ground and leaving XTALO open. When this is done, a trans- 
mitter times 16 clock must be input at TxC, a receiver times 16 clock 
must be input at RxC and the Control Registers must be 
programmed to select TxC and RxC clocks. 


Table 2. Data Bus Buffer Summary 


Control Signals 

R/W CS 

Data Bus Buffer State 

L L 

H L 

X H 

Write Mode — Tri-State 

Read Mode — Output Data 
Deselected — Tri State 


Data Line 
Output 





T1 

T1 

2 

1 

0 




1 : 

1 

1 

IRQ 

CHANNEL 

IRQ 

SOURCE 


TORE, RDRF 

^T. DCDT, D^T 
PAR, F/O/B 

CHANNEL 1 

CHANNEL 2 

NOT USED 
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Figure 3. DACIA Block Diagram 


1-120 







R65C52 


Dual Asynchronous Communications Interface Adapter (DACIA) 


Table 3. DACIA Register Selection 



Reaister Select 

— 

Register Accessed | 


Lines 



Write 

Read 

HEX 

RS2 

RS1 

RSO 

Symbol 

Name 

Symbol 

Name 

0 

L 

L 

L 

IER1 

Interrupt Enable 

Register 1 

ISR1 

Interrupt Status 

Register 1 

■| 

L 

L 

H 

CR1 

Control 

Register 1 ’ 

CSR1 

Control Status 




FR1 

Format 

Register 12 

Register 1 

2 

[_ 

H 


CDR1 

Compare Data 

Register 


Not Used 




ACR1 

Auxiliary Control 
Register I-* 


3 

L 

H 

H 

TDR1 

Transmit Data 

Register 1 

RDR1 

Receive Data 

Register 1 

4 

H 

L 

L 

IER2 

Interrupt Enable 

Register 2 

ISR2 

Interrupt Status 

Register 2 

5 

H 

L 

H 

CR2 

Control 

Register 2^ 

CSR2 

Control Status 



FR2 

Format 

Register 22 

Register 2 

0 


H 

l_ 

CDR2 

Compare Data 

Register 2^ 


Not Used 




ACR2 

Auxiliary Control 
Register 2'* 


7 

H 

H 

H 

TDR2 

Transmit Data 

Register 2 

RDR2 

Receive Data 

Register 2 


Notes: 

1 . D7 must be set low to write to the Control Registers. 

2. D7 must be set high to write to the Format Registers. 

3. Control Register bit 6 must be set to 0 to access the Compare Register. 

4. Control Register bit 6 must be set to 1 to access the Auxiliary Control Register. 
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SERIAL DATA CHANNELS 

Two independent serial data channels are available for the full 
duplex (simultaneous transmit and receive) transfer of asyn- 
chronous frames. Separate internal registers are provided for each 
channel for the selection of frame parameters (number of bits per 
character, parity options, etc.), status flags, interrupt control and 
handshake. The asynchronous frame format is shown in Figure 4. 

Transmit data from the host system is loaded into the Transmit Data 
Register. From there, it is transferred to the Transmit Shift Register 
where it is shifted, LSB first, onto the TxD line. All transmissions 
begin with a start bit and end with the user selected number of 
stop bits. A parity bit is transmitted before the stop bit(s) if parity 
is enabled. 

Receive data is shifted into the Receive Shift Register from the 
associated RxD line. Start and stop bits are stripped from the frame 
and the data is transferred to the Receive Data Register. Parity bits 
may be discarded or stored in the ISR. 

Five I/O lines are provided for each channel for handshake with 
t he data commun icat ions e quipment (DCE). Four of these signals 
(RTS, DTR, DSR and DCD) are general purpose inputs or out puts. 
The fifth signal, CTS, enables/disables the transmitter. When CTS 


is high and the Transmit Shift Register is empt y, the transmitter 
(except for Echo Mode) is inhibited. When CTS is low, the 
transmitter is enabled. 



Figure 4. Asynchronous Frame Format 


INTERNAL REGISTERS 

The DACIA contains ten control registers and four status registers 
in addition to the transmit and receive registers. The Control 
Registers provide for control of frame parameters, baud rate, inter- 
rupt generation, handshake lines, transmission and reception. The 
status registers provide status information on transmit and receive 
registers, error conditions and interrupt sources. Table 4 summa- 
rizes the bit definitions of these registers. A detailed description 
follows. 
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INTERRUPT STATUS REGISTERS (ISR1, ISR2) 


INTERRUPT ENABLE REGISTERS (IER1, IER2) 


The Interrupt Status Registers are read-only registers indicating 
the status of each interrupt source. Bits 6 through 0 are set when 
the i ndic ated IRQ condition has occurred. Bit 7 is set to a 1 when 
any IRQ source bit is set, or if Echo Mode is disabled, when CTS 
is high. 


7 

6 

5 


3 

2 

1 

0 

ANY 








BIT 

SET 

TDRE 

CTST 

DCDT 

D^T 

PAR 

F/O/B 

RDRF 


Address = 0,4 Reset Value = 1 - 00000 - 


Bit 7 Any Bit Set 

1 Any bit (6 through 0) has been set to a 1 or CTS 

is high with echo disabled 

0 No bits have been set to a 1 or echo is enabled 

Bit 6 Transmit Data Register Empty (TO RE) 

1 Transmit Data Register is empty and C TS is low 

0 Transmit Data Register is full or CTS is high 

Bit 5 Transition On CTS Line (CTST) 

1 A po sitive or negative transition has occurred on 

CTS 

0 No transition has occurred on CTS, or ISR has 

been Read 


The interrupt Ena ble R egisters are write-only registers that 
enable/disable the IRQ sources. IRQ sources are enabled by 
writing to an lER with bit 7 set to a 1 and the bit for every IRQ source 
to be enabled set to a 1. IRQ sources are disabled by writing to 
an lER with bit 7 reset to a 0 and the bit for every source to be dis- 
abled set to a 1 . Any source bit reset to 0 is unaffected and remains 
in its original state. Thus, writing $7F to an lER disables all of that 
channel’s interrupts and writing an $FF to an lER enables all of 
that channel’s interrupts. 



7 

6 

5 

4 

3 

2 

1 

0 

SET 

TDRE 

^T 

DCDT 

DSRT 

PAR 

F/O/B 

RDRF 

BITS 

IE 

IE 

IE 

IE 

IE 

1 

IE 

1 

IE 


Address = 0,4 Reset Value = - 0000000 


Bit 7 Enable/Disable 

1 Enable selected IRQ source 

0 Disable selected IRQ source 


Bits 0-6 

1 Select for enable/disable 

0 No change 


CONTROL STATUS REGISTERS (CSR1, CSR2) 

The Control Status Registers are read-only registers that provide 
I/O status and error condition information. A CSR is normally read 
after an IRQ has occurred to determine the exact cause of the 
interrupt condition. 


Bit 4 Transition On DCD Line (DCDT) 

1 A pos itive or negative transition has occurred on 

DCD 

0 No transition has occurred on DCD, or ISR has 
been Read 

Bit 3 Transition On DSR Line (DSRT) 

1 A pos itive or negative transition has occurred on 

DSR 

0 No transition has occurred on DSR, or ISR has 
been Read 

Bit 2 Parity Status (PAR) 

ACR bit 0 = 0 

1 A parity error has occurred in received data 

0 No parity error has occurred, or the Receive Data 
Register (RDR) has been Read 

ACR bit 0 = 1 

1 Parity bit = 1 

0 Parity bit = 0 

Bit 1 Frame Error, Overrun, Break 

1 A framing error, receive overrun, or receive break 
has occurred or has been detected 

0 No error, overrun, break has occurred or RDR 
has been Read 

Bit 0 Receive Data Register Full (RDRF) 

1 Receive Data Register is full 

0 Receive Data Register is empty 


7 

6 

5 


3 

2 

1 

0 

FE 

TUR 

CTS 

DCD 

D^ 

BRK 

DTR 

ms 

LVL 

LVL 

LVL 

LVL 

LVL 


Address = 1,5 Reset Value = 1 011 

Bit 7 Framing Error (FE) 

1 A framing error occurred in receive data 

0 No framing error occurred, or the RDR was read 

Bit 6 Transmitter Underrun (TUR) 

1 Transmit Shift Register is empty and TDRE is set 

0 Transmitter Shift Register is not empty 

Bit 5 ^ Level LVL) 

1 CTS line is high 

0 CTS line is low 

Bit 4 D® Level (D^ LVL) 

1 DCD line is high 

0 DCD line is low 

3 D^ Level (D^ LVL) 

1 DSR line is high 

0 DSR line is low 

Bit 2 Receive Break (BRK) 

1 A Receive Break has occurred 

0 No Receive Break occurred, or RDR was read 

Bit 1 Level (DTR LVL) 

1 DTR line is high 

0 DTR line is low 

Bit 0 RTS Level {WfS LVL) 

1 RTS line is high 

0 RTS line is low 
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CONTROL REGISTERS (CR1, CR2) 

The Control Registers are write-only registers. They control access 
to the Auxiliary Control Register and the Compare Data Register. 
They select the number of stop bits, control Echo Mode, and select 
the data rate. 


(Accessed when Bit 7 = 0) 


7 

6 

5 

4 

3 2 10 

0 

CDR/ACR 

STOP 

BITS 

ECHO 

BAUD RATE SEL 


Address = 1,5 Reset Value = 0 


Bit 7 Control or Format Register 

0 Access Control Register 

Bit 6 CDR/ACR 

1 Access the Auxiliary Control Register (ACR) 

0 Access the Compare Data Register (CDR) 

Bit 5 Number of Stop Bits Per Character 

1 Two stop bits 

0 One stop bit 

Bit 4 Echo Mode Selection 

1 Echo Mode enabled 

0 Echo Mode disabled 

Bits 3-0 Baud Rate Selection 

3 2 10 (bits per second with 3.6864 MHz crystal) 
0 0 0 0 50 

0 0 0 1 109.2 

0 0 1 0 134.58 

0011 150 

0 1 0 0 300 

0101 600 

0110 1200 

0111 1800 

1 0 0 0 2400 

1 0 0 1 3600 

1 0 1 0 4800 

1 0 1 1 7200 

1 1 0 0 9600 

1101 19200 

1110 38400 

1111 External TxC and RxC X16 Clocks 


FORMAT REGISTERS (FR1, FR2) 

The Format Registers are write-only registers. They select the 
number of data bits per cha racte r an d pari ty generation/checking 
options. They also control RTS and DTR. 


(Accessed when Bit 7 = 1) 


7 

6 5 

4 3 

2 

1 

0 


DATA 

PAR 

PAR 


DTR 

Wfs 


BITS 

SEL 

EN 


CNTL 

CNTL 

Address = 1,5 



Reset Value 

= 1 


Bit 7 Control or Format Register 

1 Access Format Register 

Bits 6-5 Number of Data Bits Per Character 
6 5 

0 0 5 

0 1 6 

1 0 7 

1 1 8 


Bits 4-3 Parity Mode Selection 

4 3 

0 0 Odd Parity 

0 1 Even Parity 

1 0 Mark in Parity bit 

1 1 Space in Parity bit 

Bit 2 Parity Enable 

1 Parity as specified by bits 4-3 

0 No Parity 


Bit 1 DT R Con trol 

1 Set DTR high 

0 Set DTR low 


Bit 0 RT S Con trol 

1 Set RTS high 

0 Set RTS low 
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COMPARE DATA REGISTERS (CDR1, CDR2) 

The Compare Data Registers are write-only registers which can 
be accessed when CR bit 6 = 0. By writing a value into the CDR, 
the DACIA is put in the compare mode. In this mode, setting of the 
RDRF bit is inhibited until a character is received which matches 
the value in the CDR. The next character is then received and the 
RDRF bit is set. The receiver will now operate normally until the 
CDR is again loaded. 

(Control Register bit 6 = 0) 

7 6 5 4 3 2 1 0 

COMPARE DATA 

Address = 2,6 Reset Value = 

AUXILIARY CONTROL REGISTERS (ACR1, ACR2) 

The Auxiliary Control Registers are write-only registers. Bits 7-2 
are unused. Biti causes the transmitter to transmit a BREAK. Bit 0 
determines whether parity error or the parity bit is displayed in ISR 
bit 2. 


(Control Register bit 6 = 1) 


TRNS 

BRK 


PAR 

ERR/ST 


Address = 2,6 


Reset Value = 


Bits 7-2 Not Used 

Bit 1 Transmit Break (TRNS BRK) 

1 Transmit continuous Break 

0 Normal transmission 


Bit 0 Parity Error/State (PAR ERR/ST) 

1 Send value of parity bit to ISR bit 2 (Address 

Recognition mode) 

0 Send Parity Error status to ISR bit 2 


RECEIVE DATA REGISTERS (RDR1, RDR2) 

The Receive Data Registers are read-only registers which are 
loaded with the received data character of each frame. Start bits, 
stop bits and parity bits are stripped off of incoming frames before 
the data is transferred from the Receive Shift Register to the 
Receive Data Register. For characters of less than eight bits, the 
unused bits are the high order bits which are set to 0. 


MSB 





LSB 

1 7 

6 

5 

4 3 

2 1 

«J 

1 RECEIVE DATA 

Address 

= 3,7 



Reset Value = 

00000000 


TRANSMIT DATA REGISTERS (TDR1, TDR2) 

The Transmit Data Registers are write-only registers which are 
loaded from the CPU with data to be transmitted. For data charac- 
ters of less than eight bits, the unused bits are the high order bits 
which are “don’t care”. 

MSB LSB 

7 6 5 4 3 2 1 0 

TRANSMIT DATA 

Address = 3,7 Reset Value = 


OPERATION 

TERMINATION OF UNUSED INPUTS 


Noise on floating inputs can affect chip operation. All unused 
inputs must be terminated. If the baud rate generator is bypassed, 
XTALI must be connected to ground (XTALO is an output and 
must be left open). If the external clock mode is not used, RxC 
and TxC may be tied either to +5V or to ground. If the handshake 
inputs are not needed, the CTS inp uts sh ould be tied low to 
enable the transmitters. The DCD and DSR inputs may either be 
tied high or low. 


RESET INITIALIZATION 

During power on initialization, all readable registers should be read 
to assure that the status registers are initialized. Specifically, the 
RDRF bit of the Interrupt Status Registers is not initialized by reset. 
The Receiver Data Registers must be read to clear this bit. 


BAUD RATE CLOCK OPTIONS 


The receiver and transmitter clocks may be supplied either by the 
internal Baud Rate Generator or by user supplied external clocks. 
Both channels may use the same clock source or one may use 
the Baud Rate Generator and the other channel external clocks. 
If both channels use the Baud Rate Generator, each channel may 
have a different bit rate. The options are shown in Figure 5. 

An internal clock oscillator supplies the time base for the Baud 
Rate Generator. The oscillator can be driven by a crystal or an 
external clock. 


If the on-chip oscillator is driven by a crystal, a parallel resonant 
crystal is connected between the XTALI and XTALO pins. The 
equivalent oscillator circuit is shown in Figure 6. 

A parallel resonant crystal is specified by its load capacitance and 
series resonant resistance. For proper oscillator operation, the load 
capacitance (Cl), series resistance (Rs) and the crystal resonant 
frequency (F) must meet the following two relations: 


{C + 2) = 2Cl or C = 2Cl - 2 


Rs 2 


R 


smax — 


2x106 

(FCl)2 


where; F is in MHz; C and Cl are in pF; R is in ohms. 


To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer’s catalog. Next, 
calculate Rsmax based on F and Cl. The selected crystal must 
have a Rs less than the Rsmax- 
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□ 


XTALI 


XTALO 


CLOCK INPUT 

urnjijL — ^ 

OPEN CIRCUIT M XTALO 


TxC 

RxC 


TxC 

RxC 


• Baud rate determined by XTALI fre- 
quency and 1 of 15 divisors selected in 
CR1 and CR2. CR1 and CR2 must not be 
set to all ones. 

• Channel 1 baud rate may be different 
from channel 2 baud rate. 

• Receiver baud rate must be the same as 
transmitter baud rate. 


A. Both Channels Use Internal Baud Rate Generator 


16 X Tx BAUD RATE 

rLTirui- 

16 X Rx BAUD RATE 

umiir- 

X 

INTERNAL CLOCK 
OSCILLATOR DISABLED 


TxC 

RxC 

XTALI 

XTALO 


• Transmitter baud rate 1/16 TxC input 
frequency. 

• Receiver baud rate 1/16 RxC input 
frequency. 

• Channel 1 baud rate is the same as 
channel 2 baud rate. 

• Receiver baud rate may be different from 
transmitter baud rate. 

• Bits 3-0 of CR1 and CR2 must be set to 
all ones. 


B. Both Channels Use External Clocks 



X 

czi 

X 


16 X Tx BAUD RATE 

liifir- 


16 X Rx BAUD RATE 

WL- 


XTALI 


XTALO 


TxC 


RxC 


CLOCK INPUT 

ijuir 


OPEN CIRCUIT ^ 
16 X Tx BAUD RATE 


UlTL 


16 X Rx BAUD RATE 

WL- 


XTALI 

XTALO 

TxC 

RxC 


• Channel 1 baud rate may be different 
from channel 2 baud rate. 

• Transmitter baud rate may be different 
from receiver baud rate on channel 
using external clock. 


C. One Channel Uses Internal Baud Rate Generator; 
One Channel Uses External Clocks 


Figure 5. Baud Rate Clock Options 
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C ± 5% 




3.6864 I 1 

MHz ' ' 

JX- 




^ C±5% 


2pF 
t 1 f 



fj 

2pF - 


Figure 6. 

For example, if Cl = 22 pF for a 3.6864 MHz parallel resonant 
crystal, then 

C = (2 X 22) - 2 = 42 pF (use standard value of 43 pF) 


The series resistance of the crystal must be less than 


R 


smax “ 


2x10^ 

(3.6864x22)2 


= 304 ohms 


If the on-chip oscillator is driven by an external clock, the clock 
is input at XTALI and XTALO is left open. 


An internal counter/divider circuit divides the frequency input at 
XTALI by the divisor selected in bits 3 through 0 of the Control 
Registers. Table 5 lists the divisors that may be selected and shows 
the bit rates generated with a 3.6864 MHz crystal or clock input. 
Other bit rates may be generated by changing the clock or crys- 
tal frequency. However, the input frequency must not exceed 
4 MHz. 


For external clock operation, a transmitter times 16 clock must be 
supplied atTxC and a receiver times 16 clock must be input at RxC. 
Since there are separate receiver and transmitter clock inputs, the 
receiver data rate may be different from the transmitter data rate. 


Table 5. Baud Rate Generator Divisor Selection 


Control 

Register 

Bits 

Divisor Selected 

For The 

Internal Counter 

Baud Rate Generated 

With 3.6864 MHz 

Crystal or Clock 

Baud Rate Generated* 

With a Crystal or Clock 
of Frequency (f) 

3 

2 

1 

0 

0 

0 

0 

0 

73,728 

(3.6864 x10«)/73, 728 = 50 

f/73,728 

0 

0 

0 

1 

33,538 

(3.6864 x10‘‘)/33,538 = 109.92 

f/33,538 

0 

0 

1 

0 

27,408 

(3.6864 x10®)/27, 408 = 134.58 

f/27,408 

0 

0 

1 

1 

24,576 

(3.6864 x10«)/24,576 = 150 

f/24,576 

0 

1 

0 

0 

12,288 

(3.6864 x10®)/1 2, 288 = 300 

f/1 2,288 

0 

1 

0 

1 

6,144 

(3.6864 x10«)/6, 144 = 600 

f/6,144 

0 

1 

1 

0 

3,072 

(3.6864 X 1 0®)/3.072 = 1 ,200 

f/3,072 

0 

1 

1 

1 

2,048 

(3.6864 X 1 0®)/2,048 = 1 ,800 

f/2,048 

1 

0 

0 

0 

1,536 

(3.6864 X 1 0®)/1 ,536 = 2,400 

f/1 ,536 

1 

0 

0 

1 

1,024 

(3.6864 x10«)/1 ,024 = 3,600 

f/1 ,024 

1 

0 

1 

0 

768 

(3.6864 x10«)/768 = 4,800 

f/768 

1 

0 

1 

1 

512 

(3.6864 x10*)/51 2 = 7,200 

f/512 

1 

1 

0 

0 

384 

(3.6864 x10«)/384 = 9,600 

f/384 

110 1 

192 

(3.6864 x10®)/1 92 = 19,200 

f/1 92 

1 

1 

1 

0 

96 

(3.6864x10^)796 = 38,400 

f/96 

1111 

16 

Transmitter Baud Rate = TxC/16 Receiver Baud Rate = RxC/16 | 


*Baud Rate = 


Frequency 

Divisor 
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CONTINUOUS DATA TRANSMIT 

In the normal operating mode, the TORE bit in the ISR signals the 
MPU that the DACIA is ready to accept the next data word. An IRQ 
occurs if the corresponding TORE IRQ enable bit is set in the lER. 
The TORE bit is set at the beginning of the start bit. When the MPU 
writes a word to the TDR the TORE bit is cleared. In order to main- 
tain continuous transmission the TDR must be loaded befor e the 
stop bit(s) are ended. Figure 7 shows the relationship between IRQ 
and TxD for the Continuous Data Transmit mode. 


CAUTION: 

When the Baud Rate Generator is the clock source, writing 
to the Format or Control Register of a channel with an active 
transmitter can result in loss of data. Do not write to the Con- 
trol or Format Register when the transmitter is shifting out 
data. This precaution does not apply to channels using the 
external clock option, i.e., TxC. 



TRANSMIT UNDERRUN CONDITION (TUR) is set. This condition persists until the TD R is loaded with 

a new word. Figure 8 shows the relation between IRQ and TxD for 
If the MPU is unable to load the TDR before the last stop bit is sent, Transmit Underrun Condition, 

the TxD line goes to the MARK condition and the underrun flag 
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TRANSMIT BREAK CHARACTER 

A BREAK may be transmitted by setting bit 1 of the ACR (Trans- 
mit Break bit) to a 1. The BREAK is transmitted after the charac- 
ter in the Transmit Shift Register is sent. If there is a character in 
the Transmit Data Register, it will be transmitted after the BREAK 
is terminated. The Transmit Break bit must remain set for at least 


one character time to assure that a proper BREAK is transmitted. 
If the Transmit Break bit is cleared before one character time of 
BREAK has been transmitted, the BREAK will be terminated after 
one character time has elapsed. If the Transmit Break bit is cleared 
after one character time of BREAK has been transmitted, the 
BREAK will be t ermi nated immediately. Figure 9 shows the rela- 
tionship of TxD, IRQ and ACR bit 1 for various BREAK options. 


STOP START 


STOP START 


STOP START 


STOP START 


TxD I i' I ^ P| H ' I°n| p I i' I |Bo|B,| ~ ]Bn| p 1 1 1 i |Bn| p 

J ll I 1 1 


ACR 

B1T1 


riTT” 

- L-l I I 


TORE ■ 
IRQ 


or 


iir 


LJor 


a. Transmit Break bit cleared before BREAK begins— BREAK is ignored 
STOP START STOP STOP START STOP START 


lBo|B,| |Bn| P 

nn 

BREAK 

1 1 1 1 1 1 1 1 

rn 

|Bn|P 



ACR 

BIT1 

TORE 

IRQ 


r-r — I 1 — I— 

I I I I 

-I 1 l__i_ j 


“I — I — I - -I — r-n 

I • I I I 

L _ J-- I I L J 


■LEir 


b. Transmit Break bit cleared during first character time of BREAK— BREAK terminates after one character time 


STOP START STOP 

TxD I I I i |Bn| P I I I 


BREAK 


STOP START 

r R V|BoiB,r |B,|p| 


ACR 
BIT 1 


TORE 

IRQ 


rx T- 

I I I 

L i-1- 


ur 


■mr 


c. Transmit Break bit cleared after first character time of BREAK— BREAK terminates immediately 


Figure 9. Transmit BREAK 


EFFECTS OF CTS ON TRANSMITTER 

The CTS control line controls the transmission of data or the hand- 
shaking of data to a “busy” device (such as a printer). When the 
CTS line is low, the transmitter operates normally. A high condi- 
tion inhibits the TORE bit in the ISR from becoming set. Transmis- 
sion of the word currently in th e shi ft register is completed but any 
word in the TDR is held until CTS goes low. 


Any transition on CTS sets bit 5 (CTST) of the ISR. A high on CTS 
forces bit 6 (TOR E) of the ISR to a 0. Bit 7 of the ISR also goes 
to a 1 when CTS is high, if Echo Mode is disabled. Thus, when 
the ISR is $80, it means that CTS is high and no interrupt source 
requires service. A processor interrupt will not be generated under 
these circumstances, but an ISR polling routine should accom- 
modate this. 


CHAR #n + 1 


r; 


CONTINUOUS MARK 


CTS-^ 

IRQ 


CLEAR-TO-SEND 


NEXT CHARACTER IS SENT IMMEDIATELY 
UPON CTS GOING LOW IF PROCESSOR 
HAS ALREADY LOADED NEW DATA, 
OTHERWISE IT WAITS FOR NEW DATA. 


NEXT 

CHARACTER 
IS NOT SENT 
TORE IS NOT SET 


-fH 


MPU 
CLEARS 
IRQ AGAIN 


lAn 


START 

WHEN PROCESSOR 
FINALLY LOADS 
NEW DATA, 

TRANSMISSION STARTS 
IMMEDIATELY AND 


\ 


MPU 

CLEARS 

IRQ 


CTS 

IRQ 


INTERRUPT OCCURS, 
INDICATING TRANSMIT 
DATA REGISTER EMPTY 


Figure 10. Effects of CTS on Transmitter 
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ECHO MODE TIMING 


In the Echo Mode, the TxD line re-transmits the data received on 
the RxD line, delayed by 1/2 of a bit time. An internal underrun 
mode must occur before Echo Mode will start transmitting. In nor- 
mal transmit mode if TORE occurs (indicating end of data) an 


underflow flag would be set and continuous Mark transmitted. If 
Echo is initiated, the underflow flag will not be set at end of data 
and continuous Mark will not be transmitted. Figure 11 shows the 
relationship of RxD and TxD for Echo Mode. 


STOP START 


STOP START 


END OF 

STOP DATA 


RXD J + I t I Bo I B, I |B,| P I + I t I Bp I B, I |B,[ P | i [_ 

\ \ \ \ \ \ \ \ 

TXD rrri ♦ |b„1b,| i b j p i . i * |b„|b, | |bJ p i + 


CONTINUOUS MARK 
IF NOT ECHO MODE 


STOP START 


STOP START 


Figure 11. Echo Mode Timing 


IF ECHO MODE, 

. NO UNDERFLOW, 
THEREFORE NO 
CONTINUOUS MARK 


CONTINUOUS DATA RECEIVE 

The normal receive mode sets the RDRF bit in the ISR when the 
DACIA channel has received a full data word. This occurs at about 
the 9/16 point through the stop bit. The processor must read the 
RDR before the next stop bit, or an ov errun error occurs. Figure 12 
shows the relationship between IRQ and RxD for the continuous 
Data Receive mode. 


When the Baud Rate Generator is the clock source, writing 
to the Control or Format Registers of a channel with an active 
receiver can result in loss of data. Do not write to the Con- 
trol or Format Registers when the receiver is shifting in data. 
This precaution is not necessary on channels using the 
external clock option, i.e., RxC. 


CHAR #n + 1 


CHAR #n + 2 


CHAR #n + 3 


RxD n Bo B. Bn P 


Bo Bj Bn P 


STOP' START 


STOP START 


Bo Bj Bn P 


STOP START 


IRQ PROCESSOR T K 

INTERRUPT OCCURS J \ 

ABOUT 9/16 INTO / \ 

LAST STOP BIT ' 

PARITY OVERRUN, PROCESSOR READS 

AND FRAMING ERROR ISR, CAUSES 

UPDATED ALSO IRQ TO CLEAR 


PROCESSOR MUST READ 
RECEIVER DATA IN THIS 
TIME INTERVAL, OTHERWISE 
OVERRUN OCCURS 


Figure 12. Continuous Data Receive 
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EFFECTS OF OVERRUN ON RECEIVER 

If the processor does not read the RDR before the stop bit of the 
next word, an overrun error occurs, the overrun bit is set in the ISR, 
and the new data word is not transferred to the RDR. The RDR 


contains the last word not read by the MPU and all following data 
is lost. The receiver will return to normal oper ation when the RDR 
is read. Figure 13 shows the relationship of IRQ and RxD when 
overrun occurs. 


CHAR #n 


CHAR #n + 1 


CHAR #n + 2 


CHAR #n + 3 




“\ 


X- 




Bn 

0 

/ 

0 

Bo 

0 


STOPI START 


STOP 


IRQ 


Bn 

0 

0 

0 

Bo 

Bi 


■X /“ 


STOP START 


^ I Bi Bn 


I STOPI START 


PROCESSOR ^ 
INTERRUPT 
FOR RECEIVER 
DATA REGISTER 
FULL 


/ 

MPU DOES 
NOT READ 
RDR. OVERRUN 
BIT SET 


MPU READS 

ISR 

CLEARS IRQ 


''^CHAR #n + 2 
IRQ. 

CHAR #n + 1 
IS LOST 


Figure 13. Effects of Overrun on Receiver 


RECEIVE BREAK CHARACTER 

In the event that a Break character is received by the receiver, the next chara cter is to be received normally. Figure 14 shows the rela- 

Break bit is set. The receiver does not set the RDRF bit and tionship of IRQ and RxD for a Receive Break Character, 

remains in this state until a stop bit is received. At this time the 



ERROR BECAUSE ALL ZEROS (CONTINUOUS 
BREAK) REPRESENT EVEN PARITY. 


Figure 14. Receive Break Character 
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FRAMING ERROR 

Framing error is caused by the absence of stop bit(s) on received reflects the last data word received. Figure 15 shows the relation- 

data. The framing error bit is set when the RDRF bit is set. Sub- ship of IRQ and RxD when a framing error occurs, 

sequent data words are tested separately, so the status bit always 


STOP STOP START 


STOP STOP START 


RxD 

(EXPECTED) 


Hi 







Figure 15. Framing Error 


PARITY ERROR DETECT/ADDRESS 
FRAME RECOGNITION 

The Parity Status bit (ISR bit 2) may be programmed to indicate 
parity errors (ACR bit 0 = 0) or to display the parity bit received 
(ACR bit 0 = 1). 

In applications where parity checking is used, one of the parity 
checking modes is enabled by setting bits 2, 3 and 4 of the For- 
mat Register to the desired option and bit 0 of the Auxiliary Con- 
trol Register is reset to 0. Then, when the RDRF bit (bit 0) is set 
in the ISR, the PAR bit (bit 2) will be set when a parity error is 
detected. 

In multi-drop applications, the parity bit is used as an address/data 
flag. It is set to 1 for address frames and is 0 on data frames. For 


this type of operation, bit 0 of the ACR is set to a 1 and bits 2, 3 
and 4 of the FR select a parity checking mode. Then, ISR bit 2 will 
be set to a 1 by incoming address frames and it will be a 0 on data 
frames. 


COMPARE MODE 

The Compare Mode is automatically enabled, i.e., the channel is 
put to sleep, whenever data is written to the Compare Data 
Register. NOTE: Bit 6 of the Control Register must be set to 0 to 
enable access to the Compare Data Register. When the channel 
is in the compare mode, the RDRF bit (bit 0 of the ISR) is forced 
to a 0. Upon receipt of a matching character, normal receiver oper- 
ation resumes and the RDRF bit (bit 0 of the ISR) will be set upon 
receipt of the next character. 
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R65C52 


Dual Asynchronous Communications Interface Adapter (DACIA) 


SPECIFICATIONS 

DACIA READ/WRITE WAVEFORMS 


RS0-RS2 

R/W 



— @— 
@- 


1 


READ CYCLE- 


WRITE CYCLE 


DACIA READ/WRITE CYCLE TIMING 

(Vcc = 5 Vdc ±5%, Vss = 0 Vdc, = TlIo Th, unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Min. 

R/W, RS0-RS2 Valid to ^ Low (Setup) 

Trsu 

0 

- 

0 

CS Low to R/W, RS0-RS2 Invalid (Hold) 

Trh 

45 

- 

45 

^ Pulse Width 

Tcp 

640 

- 

320 

CS Low to Data Valid (Read) 

Tcdv 

- 

340 

- 

CS High to Data Invalid (Read) 

Tcdr 

10 

50 

10 

Data Valid to CS High (Write, Setup) 

Tdsu 

20 

- ’ 

20 

CS High to Data Invalid (Write Hold) 

Tcdw 

30 

_ 

30 
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R65C52 


Dual Asynchronous Communications Interface Adapter (DACIA) 


ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

— 0.3 to Vqq + 0.3 

Vdc 

Output Voltage 

VOUT 

— 0.3 to Vqq + 0.3 

Vdc 

Operating Temperature 
Commercial 

Industrial 

Ta 

Oto +70 
- 40 to + 85 

°C 

Storage Temperature 

Tstg 

-55 to +150 



NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

Vcc 

5V±5% 

Temperature Range 
Commercial 

Industrial 

Ta 

0 to 70° C 
-40°Cto +85°C 


DC CHARACTERISTICS 

(Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Test Conditions 

Input High Voltage 

V,H 




V 


Except XTALI and XTALO 


+2.0 

— 

Vcc + 0-3 



XTALI and XTALO 


+ 2.4 

~ 

Vcc + 0-3 



Input Low Voltage 

V,L 




V 


Except XTALI and XTALO 


-0.3 

— 

+ 0.8 



XTALI and XTALO 


-0.3 

- 

+ 0.4 



Input Leakage Current 

•in 

— 

10 

50 

^A 

V,N = OV to 5.0V 

R/W, RES, RSO, RSI, RS2, RxD, CTS, DCD, DSR, RxC, 
TxC, CS 






Vcc = 5.25V 

Input Leakage Current for Three-State Off 

•tsi 

— 

±2 

10 

/.A 

V,N = 0.4V to 2.4V 

D0-D7 






Vcc = 5.25V 

Output High Voltage 

1 VoH 

+ 2.4 

— 

— 

V 

Vcc = 4.75V 

D0-D7, TxD, CLK OUT, RTS, DTR 

i 





•load = “ ^33 

Output Low Voltage 

VoL 

— 

— 

+ 0.4 

V 

Vcc = 4.75V 

D0-D7, TxD, CLK OUT, RTS, DTR 






•load = 1-6 mA 

Output Leakage Current (Off State) 

•off 

— 

±2 

±10 

iA 

Vcc = 5.25V 

IRQ 






Vqut = 3 to 2.4V 

Power Dissipation 

Pd 

- 

- 

10 

mW/MHz 


Input Capacitance 

i CiN 





Vcc = 5.3V 

Except XTALI and XTALO 


— 

— 

5 

pF 

ViN = 3V 

XTALI and XTALO 


- 

— 

10 

pF 

f = 2 MHz 

Output Capacitance 

Cqut 

- 


10 

pF 

Ta = 25°C 


Notes: 


1 . All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for V^c = 5.0V and = 25°C. 
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R65C52 


Dual Asynchronous Communications Interface Adapter (DACIA) 


PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


40 

1 1 


21 

20 

T 1 

L B 

J 1 

-m A ifI 




HdLp 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

mm 

50.29 

51.31 

1.980 

2.020 

B 


EBM 

IBS 


C 



I3HWI 


D 

0.38 

0.53 

0.015 

0.021 

F 

0.76 

1.27 

0.030 

0.050 

G 

2.54 BSC 

0.100 

BSC 

H 

0.76 

1.78 

0.030 

0.070 

J 

0.20 

0.33 

0.008 

0.013 

K 

2.54 

4.19 

0.100 

0.165 

L 

14.60 

15.37 

0.575 

0.605 

M 

Oo 

10“ 

0“ 

10® 

N 

0.51 

1.52 

0.020 

0.060 


40-PIN PLASTIC DIP 


.A.n.n.n. A. A.n n a c\ nri 




Hh|-- HgI- 


; p''~ 

1111 II I nil Til j-i* 


44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 



SEATING PLANE 


TOP VIEW 
CHAM.J X 45® 




EJECTOR PIN MARKS 
4 PLCS BOTTOM OF 
PACKAGE ONLY 
(TYPICAL) 


SECTION A-A 

TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

51.82 

52.32 

2.040 

2.060 

B 

13.46 

13.97 

0.530 

0.550 

C 

3.56 

5.08 

0.140 

0.200 

D 

0.38 

0.53 

0.015 

0.021 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 BSC 

0.100 BSC 

H 

1.65 

2.16 

0.065 

0.085 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.30 

4.32 

0.130 

0.170 

L 

15.24 BSC 

0.600 BSC 

M 

7“ 

10° 

7“ 

10“ 

N 

0.51 

1.02 

0.020 

0.040 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4 14 

4.39 

0.163 

^09 

A1 

1.37 

1.47 

0.054 

0.058 

A2 

2.31 

2.46 

0.091 

0.097 

b 

0.457 TYP 

0.018 TYP 

D 

17.45 

17.60 

0.687 

0.693 

D1 

16,46 

16.56 

0.648 

0.652 

D2 i 

12.62 

12.78 

0.497 

0.503 

D3 

15.75 REF 

0.620 REF 

e 

1 27 BSC 

0.050 BSC 

h 

1.15TYP 

0.045 TYP 

J 

0.25 TYP 

0.010 TYP 

« 

45“ TYP 

45° TYP 

R 

0.89 TYP 

0.035 TYP 

R1 

0,25 TYP 

0.010 TYP 


BOTTOM VIEW 
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NMOS 8-bit Microprocessors and Peripherals 
Largest Selling 8-Bit Family 


The NMOS R6500 microprocessor family has a wide range 
of CPUs and peripheral controllers plus versatile memory-l/O 
timer combinations. It is software compatible with the CMOS 
microprocessor and peripheral family, as well as, with the 
family of single-chip microcomputers. 

A parallel processing, pipeline architecture provides faster 
instruction execution and data throughput. Thirteen address 
modes provide the most efficient ways of addressing memory. 


R6500 peripherals are system oriented and are designed to imple- 
ment systems with a minimum device count. Fast instruction 
execution (1 /iS and 2 ^s) is available in 2 and 1 MHz versions, 
respectively. 

The entire 8-bit R6500 family is upward compatible with the 
16-bit 68000 bus, software compatible with the Rockwell 8-bit 
microcomputers, and are the building blocks for a wide range 
of system applications. 



NMOS R65XX Microprocessor Family 
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R650X • R651X 


Rockwell 


R650X and R651X 
Microprocessors (CPU) 


DESCRIPTION 

The 8"bit R6500 microprocessor devices are produced with 
N-channel, silicon gate technology. Performance speeds are 
enhanced by advanced system architecture. This Innovative 
architecture results in smaller chips— the semiconductor 
threshold is cost-effectivity. System cost-effectivity is further 
enhanced by providing a family of 10 software-compatible 
microprocessor (CPU) devices, described in this document. 
Rockwell also provides single chip microcomputers, memory and 
peripheral devices— as well as low-cost design aids and 
documentation. 

Ten CPU devices are available. All are software-compatible. 
They provide options of addressable memory, interrupt input, 
on-chip clock oscillators and drivers. All are bus-compatible with 
earlier generation microprocessors like the M6800 devices. 

The R650X and R651X family includes six microprocessors with 
on-board clock oscillators and drivers and four microprocessors 
driven by external clocks. The on-chip clock versions are aimed 
at high performance, low cost applications where single phase 
inputs, crystal or RC inputs provide the time base. The external 
clock versions are geared for multiprocessor system applica- 
tions where maximum timing control is mandatory. All R6500 
microprocessors are also available in a variety of packaging 
(ceramic and plastic), operating frequency (1 MHz, 2 MHz and 
3 MHz) and temperature (commercial and industrial) versions. 

ORDERING INFORMATION 


Part Number: R65XX 

[ Temperature Range (Tl to T^): 
No letter = 0°Cto+70°C 

E = -40°C to +85°C 

— Package; 

C = Ceramic DIP 
P = Plastic DIP 

Frequency Range: 

No letter = 1 MHz 
A = 2 MHz 
B = 3 MHz 

Model Designator: 

XX = 02, 03, 04, . . . 15 


FEATURES 

• N-channel, silicon gate, depletion load technology 

• 8-bit parallel processing 

• 56 instructions 

• Decimal and binary arithmetic 

• Thirteen addressing modes 

• True indexing capability 

• Programmable stack pointer 

• Variable length stack 

• Interrupt request 

• Non-maskable interrupt 

• Use with any type of speed memory 

• 8-bit bidirectional data bus 

• Addressable memory range of up to 64K bytes 

• “Ready” input 

9 Direct Memory Access capability 

• Bus compatible with M6800 

• 1 MHz, 2 MHz, and 3 MHz versions 

• Choice of external or on-chip clocks 

• On-chip clock options 

— External single clock input 
— Crystal time base input 

• Commercial and industrial temperature versions 

• Pipeline architecture 

• Single +5V supply 


R6500 CPU FAMILY MEMBERS 


Microprocessors with Internal Two Phase Clock Generator 

Model 

No. Pins 

Addressable Memory 

R6502 

40 

64K Bytes 

R6503 

28 

4K Bytes 

R6504 

28 

8K Bytes 

R6505 

28 

4K Bytes 

R6506 

28 

4K Bytes 

R6507 

28 

8K Bytes 

Microprocessors with External Two Phase Clock Input 

Model 

No. Pins 

Addressable Memory 

R6512 

40 

64K Bytes 

R6513 

28 

4K Bytes* 

R6514 

28 

8K Bytes 

R6515 

28 

4K Bytes 


Data Sheet 


Document No. 29000D39 
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R650X, R651X 


R6500 Microprocessors (CPU) 


INTERFACE SIGNAL DESCRIPTIONS 

CLOCKS (01, 02) 

The R651X requires a two phase non-overlapping clock that 
runs at the Vcc voltage level. The R650X clocks are supplied 
with an internal clock generator. The frequency of these clocks 
is externally controlled. 

ADDRESS BUS (A0-A15) 

The address line outputs access data in memory device loca- 
tions or cells, access data in I/O device registers and/or effect 
logical operations in I/O or controller devices depending on 
system design. The addressing range is determined by the 
number of address lines available on the particular CPU device. 
The R6502 and R6512 can address 64K bytes with a 16-bit 
address bus (A0-A15): the R6504, R6507, and the R6514 can 
address 8K bytes with a 13-bit address bus (A0-A12); and the 
R6503, R6505, R6506, R6513, and R6515 can address 4K 
bytes with a 12-bit address bus (A0-A11). These outputs are 
TTL-compatible and are capable of driving one standard TTL 
load and 130 pF. 

DATA BUS (D0-D7) 

The data lines (D0-D7) form an 8-bit bidirectional data bus 
which transfers data between the CPU and memory or periph- 
eral devices. The outputs are tri-state buffers capable of driving 
one standard TTL load and 1 30 pF. 

DATA BUS ENABLE (DBE, R6512 ONLY) 

The TTL-compatible DBE input allows external control of the tri- 
state data output buffers and will enable the microprocessor bus 
driver when in the high state. In normal operation DBE is driven 
by the phase two (02) clock, thus allowing data output from 
microprocessor only during 02. During the read cycle, the data 
bus drivers are internally disabled, becoming essentially an 
open circuit. To disable data bus drivers externally, DBE should 
be held low. 

READY (RDY) 

The Ready input signal allows the user to halt or single cycle 
the microprocessor on all cycles except write cycles. A negative 
transition to the low state during or coincident with phase one 

(01) will halt the microprocessor with the output address lines 
reflecting the current address being fetched. If Ready is low 
during a write cycle. It is ignored until the following read oper- 
ation. This condition will remain through a subsequent phase two 

(02) in which the Ready signal is low. This feature allows micro- 
processor interfacing with the low speed PROMs as well as 
Direct Memory Access (DMA). 

INTERRUPT REQUEST (IM) 

The TTL level active-low T® input requests that an interrupt 
sequence begin within the microprocessor. The microprocessor 
will complete the current instruction being executed before rec- 
ognizing the request. At that time, the interrupt mask bit in the 
Processor Status Register will be examined. If the interrupt 
mask flag is not set, the microprocessor will begin an interrupt 
sequence. The Program Counter and Processor Status Register 


are stored in the stack. The microprocessor will then set the 
interrupt mask flag high so that no further interrupts can occur. 
At the end of this cycle, the program counter low will be loaded 
from address FFFE, and program counter high from location 
FFFF, therefore transferring program control to the memory 
vector located at these addresses. The RDY signal must be in 
the high state for any interrupt to be recognized. A 3KQ external 
resistor should be used for proper wire-OR operation. 

NON-MASKABLE INTERRUPT (NMl) 

A negative going edge on the NMl input requests that a non- 
maskable interrupt sequence be generated within the micro- 
processor. 

NMl is an unconditional interrupt. Following completion of the 
current instruction, the sequence of operations defined for ITO 
will be performed, regardless of the state interrupt mask flag. 
The vector address loaded into the program counter, low and 
high, are locations FFFA and FFFB respectively, thereby trans- 
ferring program control to the memory vector located at these 
addresses. The instructions loaded at these locations cause the 
microprocessor to branch to a non-maskable interrupt routine 
in memory. 

NMl also requires an external 3Kn register to Vcc for proper 
wire-OR operations. 

Inputs iro and NMl are hardware interrupts lines that are sam- 
pled during 02 (phase 2) and will begin the appropriate interrupt 
routine on the 01 (phase 1) following the completion of the cur- 
rent instruction. 

SET OVERFLOW FLAG (^) 

A negative going edge on the SO input sets the overflow bit in 
the Processor Status Register. This signal is sampled on the 
trailing edge of 01 and must be externally synchronized. 

SYNC 

The SYNC output line identifies those cycles in which the micro- 
processor is doing an OP CODE fetch. The SYNC line goes high 
during 01 of an OP CODE fetch and stays high for the remainder 
of that cycle. If the RDY line is pulled low during the 01 clock 
pulse in which SYNC went high, the processor will stop in its 
current state and will remain in the state until the RDY line goes 
high. In this manner, the SYNC signal can be used to control 
RDY to cause single instruction execution. 

RESET (MS) 

The active low RES resets, or starts, the microprocessor from 
a power down or restart condition. During the time that this line 
is held low, writing to or from the microprocessor is inhibited. 
When a positive edge is detected on the input, the microproc- 
essor will immediately begin the reset sequence. 

After a system initialization time of six clock cycles, the mask 
interrupt flag is set and the microprocessor loads the program 
counter from the memory vector locations FFFC and FFFD. This 
is the start location for program control. 

After Vcc reaches 4.75 volts in a power up routine, reset mu^ 
be held low for at least two clock cycles. At this time the R/W 
and SYNC signals become valid. 
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R6502 FEATURES 


vss 


• 64K addressable bytes of memory (A0-A15) 

• On-chip clock 

TTL-level single phase input 
RC time base input 
crystal time base input 

• Two phase output clock for timing of support chips 

• IRQ interrupt 

• NMI interrupt 

• RDY signal 

• SYNC signal 

(can be used for single instruction execution) 

• 40-pin DIP 


R6503 FEATURES 

o 4K addressable bytes of memory (A0~A11) 

• On-chip clock 
o IRQ interrupt 

• NMI interrupt 

• 28-pin DIP 


NMI 

SYNC 

VCC 


A10 
A1 1 


1 

40 

2 

39 

3 

38 

4 

37 

b 

30 

6 

35 

7 

34 

S 

33 

9 R6502 

32 

10 

31 

1 1 

30 

12 

29 

13 

28 

14 

27 

15 

2G 

1G 

25 

1 7 

24 

18 

23 

19 

22 

20 

21 



RES 

02 (OUT) 

5C 

00 (IN) 
N.C 
N C_ 

R/W 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

07 

Alb 

A14 

A13 

A12 

VSS 


02 (OUT) 
00 (IN) 
R/W 
DO 
D1 
02 
D3 
D4 
D5 
D6 
D7 
All 
A10 
A9 


RES CZ 
VSS cz 

R6504 FEATURES r«Q cr: 

vccC 

• 8K addressable bytes of memory (A0-A1 2) ^o c: 

A1 CZj 

• On-chip clock a 2 cd 

• IRQ interrupt ^4 c 

• 28-pin DIP ^ 

^ A6 c: 

A7 CZ 
A8 CZ 
A9 CZ 

1 28 

2 27 

3 26 

4 25 

5 24 

6 23 

' R6504 

8 21 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 

02 (OUT) 

Z2 00 ON) 

ZJ R/W 
rz (30 

Z} D1 

ZD 02 

Z) 03 

D4 

Z) D5 

D6 

Z]D7 

A12 

Z) All 

ZD A10 

RES CZ 

R6505 FEATURES Z 

RDY (— 

• 4K addressable bytes of memory (A0-A11) ^ 

• On-chip clock \ cz 

• IRQ interrupt a 2 cz 

• RDY signal ^ 

• 28-pin DIP AS CZ 

AG C 
A7 CZ 

AS C 

1 28 

2 27 

3 26 

4 25 

5 24 

6 23 

B R6505 “ 

9 20 

10 19 

1 1 18 

12 17 

13 16 

14 15 

Z3 02 (OUT) 

ZD 00 (IN) 

Z) R/W 

ZD DO 

ZD D1 

ZD 02 
^ D3 

IZ D4 

ZD 05 

ZD 06 

ZD 07 

ZD All 

ZD A10 

ID A9 
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R650X, R651X 


R6500 Microprocessors (CPU) 


R6506 FEATURES 

• 4K addressable bytes of memory (A0-A11) 

• On-chip clock 

• Two phase output clock for timing of support chips 

• IRQ interrupt 

• 28-pin DIP 



<t>2 (OUT) 

0q_('N) 

R/W 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

All 

A10 

A9 


R6507 FEATURES 

• 8K addressable bytes of memory (A0-A12) 

• On-chip clock 

• RDY signal 

• 28-pin DIP 



02 (OUT) 

00 (IN) 

R/W 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

A12 

All 

A10 


R6512 FEATURES 

• 64K addressable bytes of memory (A0-A15) 

• Two phase clock input 

• IRQ Interrupt 

• NMI Interrupt 

• RDY signal 

• SYNC signal 

• Data Bus Enable 

• 40-pin DIP 


VSS 

CZ 

1 

40 

RDY 

CZ 

2 

39 

01 (IN) 

CZ 

3 

38 

mo 

cd 

4 

37 

VSS 

CZ 

5 

36 

mA\ 

c 

6 

35 

SYNC CZ 

7 

34 

VCC 

CZ 

8 

33 

AO 

CZ 

9 R6512 

32 

A1 

CZ 

10 

31 

A2 

CZ 

11 

30 

A3 

CZ 

12 

29 

A4 

CZ 

13 

28 

A5 

CZ 

14 

27 

A6 

CZ 

15 

26 

A7 

CZ 

16 

25 

AS 

CZ 

17 

24 

A9 

CZ 

18 

23 

A10 

CZ 

19 

22 

All 

z: 

20 

21 


RES 

^2 (OUT)* 

so 

02 (IN)* 

DBE 

N.C. 

R/W 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

A15 

A14 

A13 

A12 

VSS 


‘Pins 37 and 39 are connected internally 



R650X, R651X 


R6500 Microprocessors (CPU) 


vss cz 

R6513 FEATURES <f>^ (IN) ch 

• 4K addressable bytes of memory (A0-A1 1) ^ 

• Two phase clock input vccm 

e iro interrupt 

• NMI interrupt ^2 ^ 

• 28-pin DIP A3 cz 

A4 nz 

A5 CZ 

A6 fZZ 

A7 nz 

A8 CZ 

1 2S 

2 27 

3 26 

4 25 

5 24 

6 23 

7 R6513 22 

8 21 

9 20 

10 19 

11 IS 

12 17 

13 16 

14 15 

RES 

Z 02 (IN) 

Z R/w 

Z DO 

Z D1 

Z D2 

Z D3 

Z 

;□ D5 
:□ D6 

Z|D7 

Z A1 1 

Z A10 

Z A9 

VSS CZ 
01 (IN) (z: 
IRQ tZ 

vcc CZ 

R6514 FEATURES ao cz 

• 8K addressable bytes of memory (A0-A12) ^ 

• Two phase clock input a 3 cz 

• I'TO interrupt a 4 ni 

• 28-pin DIP Z c 

A7 cz 

AS cz 
A9 

1 28 

2 27 

3 26 

4 25 

5 24 

6 23 

7 R6514 22 

8 21 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 

Z R^ 

Z 02 (IN) 
z R/W 

Z DO 

Z D1 
z D2 

Z D3 

D4 

Z D5 

Z D6 

Z|D7 
^ A12 

0 All 

Z A10 

vss cz: 

RDYCZ: 
01 (IN) z 

R6515 FEATURES iWq cz 

vcc z 

• 4K addressable bytes of memory (A0>A11) ao cz 

• Two phase clock input ai z 

• iIto interrupt ^ 

• RDY Signal ^4 z 

• 28-pin DIP AS cz 

A6 z 
A7 Z 
AS Z 

1 28 

2 27 

3 26 

4 25 

5 24 

6 23 

7 R6515 22 

8 21 

.9 20 

10 19 

11 18 

12 17 

13 16 

14 15 

Z RES 

Z 02 (IN) 

Z R/W 

Z DO 

ZD1 

Z D2 

Z D3 

Z D4 

Z D5 

Z D6 

Z D7 
z A1 1 

tZ A10 

Z A9 
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R650X, R651X 


R6500 Microprocessors (CPU) 


FUNCTIONAL DESCRIPTION 

The internal organization of all R6500 CPUs is identical except 
for some variations in clock interface, the number of address 
output lines, and some unique input/output lines between 
versions. 

CLOCK GENERATOR 

The clock generator develops all internal clock signals, and (where 
applicable) external clock signals, associated with the device. It is 
the clock generator that drives the timing control unit and the exter- 
nal timing for slave mode operations. 

TIMING CONTROL 

The timing control unit keeps track of the instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch is 
executed and is advanced at the beginning of each phase one 
clock pulse for as many cycles as is required to complete the 
instruction. Each data transfer which takes place between the reg- 
isters depends upon decoding the contents of both the instruction 
register and the timing control unit. 

PROGRAM COUNTER 

The 16-bit program counter provides the addresses which step 
the microprocessor through sequential instructions in a program. 

Each time the microprocessor fetches an instruction from pro- 
gram memory, the lower byte of the program counter (PCL) is 
placed on the low-order bits of the address bus and the higher 
byte of the program counter (PCH) is placed on the high-order 
8 bits. The counter is incremented each time an instruction or 
data is fetched fromprogram memory. 

INSTRUCTION REGISTER AND DECODE 

Instructions fetched from memory are gated onto the internal 
data bus. These instructions are latched into the instuction regis- 
ter, then decoded, along with timing and interrupt signals, to gen- 
erate control signals for the various registers. 


ARITHMETIC AND LOGIC UNIT (ALU) 

All arithmetic and logic operations take place in the ALU including 
incrementing and decrementing internal registers (except the pro- 
gram counter). The ALU has no internal memory and is used only to 
perform logical and transient numerical operations, 

ACCUMULATOR 

The accumulator is a general purpose 8-bit register that stores 
the results of most arithmetic and logic operations, and in addi- 
tion, the accumulator usually contains one of the two data words 
used in these operations. 

INDEX REGISTERS 

There are two 8-bit index registers (X and Y), which may be used 
to count program steps or to provide an index value to be used in 
generating an effective address. 

When executing an instruction which specifies indexed addressing, 
the CPU fetches the op code and the base address, and modifies 
the address by adding the index register to it prior to performing the 
desired operation. Pre- or post-indexing of indirect addresses is 
possible (see addressing modes). 

STACK POINTER 

The stack pointer is an 8-bit register used to control the addressing 
of the variable-length stack on page one. The stack pointer is auto- 
matically incremented and decremented under control of the micro- 
processor to perform stac k ma nipulations under direction of either 
the program or interrupts (NMl) and IRQ). The stack allows simple 
implementation of nested subroutines and multiple level interrupts. 
The stack pointer should be initialized before any interrupts or stack 
operations occur. 

PROCESSOR STATUS REGISTER 

The 8-bit processor status register contains seven status flags. 
Some of the flags are controlled by the program, others may be 
controlled both by the program and the CPU. 
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NOTE 

1. CLOCK GENERATOR IS NOT INCLUDED ON R6512, R6513, R6514 AND R6515. 

2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH OF 
THE CPUs. 

3. R6502, R6503, R6504, R6505, R6506 AND R6507. 

4. R6512, R6513, R6514 AND R6515. 

5. R6512 ONLY. 

6. R6502 AND R6506. 


R650X and R651X Internal Architecture 
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INSTRUCTION SET 



The R6500 CPU has 56 instruction types which are enhanced 

Accumulator, index registers, Program Counter, Stack Pointer 

by up to 13 

addressing modes for each instruction. The 

and Processor Status Register are illustrated below. 


Alphabetic Listing of Instruction Set 

Mnemonic 

Function 

Mnemonic 

Function 

ADC 

Add Memory to Accumulator with Carry 

JMP 

Jump to New Location 

AND 

“AND” Memory with Accumulator 

JSR 

Jump to New Location Saving Return Address 

ASL 

Shift Left One Bit (Memory or Accumulator) 

LDA 

Load Accumulator with Memory 

BCC 

Branch on Carry Clear 

LDX 

Load Index X with Memory 

BCS 

Branch on Carry Set 

LDY 

Load Index Y with Memory 

BEQ 

Branch on Result Zero 

LSR 

Shift One Bit Right (Memory or Accumulator) 

BIT 

Test Bits in Memory with Accumulator 



BMI 

Branch on Result Minus 

NOP 

No Operation 

BNE 

Branch on Result not Zero 



BPL 

Branch on Result Plus 

ORA 

"OR” Memory with Accumulator 

BRK 

Force Break 



BVC 

Branch on Overflow Clear 

PHA 

Push Accumulator on Stack 

BVS 

Branch on Overflow Set 

PHP 

Push Processor Status on Stack 



PLA 

Pull Accumulator from Stack 

CLC 

Clear Carry Flag 

PLP 

Pull Processor Status from Stack 

CLD 

Clear Decimal Mode 



CLI 

Clear Interrupt Disable Bit 

ROL 

Rotate One Bit Left (Memory or Accumulator) 

CLV 

Clear Overflow Flag 

ROR 

Rotate One Bit Right (Memory or Accumulator) 

CMP 

Compare Memory and Accumulator 

RTI 

Return from Interrupt 

CPX 

Compare Memory and Index X 

RTS 

Return from Subroutine 

CPY 

Compare Memory and Index Y 

SBC 

Subtract Memory from Accumulator with Borrow 

DEC 

Decrement Memory by One 

SEC 

Set Carry Flag 

DEX 

Decrement Index X by One 

SED 

Set Decimal Mode 

DEY 

Decrement Index Y by One 

SEI 

Set Interrupt Disable Status 



STA 

Store Accumulator in Memory 

EOR 

"Exclusive-OR” Memory with Accumulator 

STX 

Store Index X in Memory 



STY 

Store Index Y in Memory 

INC 

Increment Memory by One 



INX 

Increment Index X by One 

TAX 

Transfer Accumulator to Index X 

INY 

Increment Index Y by One 

TAY 

Transfer Accumulator to Index Y 



TSX 

Transfer Stack Pointer to Index X 



TXA 

Transfer Index X to Accumulator 



TXS 

Transfer Index X to Stack Register 



TYA 

Transfer Index Y to Accumulator 


ACCUMULATOR 


N V 1 B D I 2 C processor STATUS REG ‘P” 


INDEX REGISTER Y 


-CARRY 1=TRUE 


INDEX REGISTER X 


- ZERO 1 = RESULT ZERO 


PROGRAM COUNTER “PC” 


- IRQ DISABLE 1 = DISABLE 


STACK POINTER “S” 


- DECIMAL MODE 1 = TRUE 


-BRK COMMAND 1=BRK 


-OVERFLOW 1=TRUE 


-NEGATIVE 1=NEG. 


Programming Model 
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ADDRESSING MODES 

The R6500 CPU family has 13 addressing modes. In the 
following discussion of these addressing modes, a bracketed 
expression follows the title of the mode. This expression is the 
term used in the Instruction Set Op Code Matrix table (later in 
this product description) to make it ea^er to identify the actual 
addressing mode used by the instruction. 

ACCUMULATOR ADDRESSING [Accum]-This form of 
addressing is represented with a one byte instruction, implying 
an operation on the accumulator. 

IMMEDIATE ADDRESS [IMM]— In Immediate addressing, 
the second byte of the instruction contains the operand, with 
no further memory addressing required. 

ABSOLUTE ADDRESSING [Absolute]-ln absolute 
addressing, the second byte of the instruction specifies the eight 
low order bits of the effective address while the third byte 
specifies the eight high order bits. Thus, the absolute address- 
ing mode allows access to the entire 64K bytes of addressable 
memory. 

ZERO PAGE ADDRESSING [ZP]— The zero page instruc- 
tions allow for shorter code and execution times by fetching only 
the second byte of the instruction and assuming a zero high 
address byte. Careful use of the zero page can result in signifi- 
cant increase in code efficiency. 

INDEXED ZERO PAGE ADDRESSING [ZP, X or Y]-This 
form of addressing is used with the Index register and is referred 
to as “Zero Page, X” or “Zero Page, Y”. The effective address 
is calculated by adding the second byte to the contents of the 
index register. Since this Is a form of “Zero Page” addressing, 
the content of the second byte references a location in page zero. 
Additionally, due to the “Zero Page” addressing nature of this 
mode, no carry is added to the high order eight bits of memory 
and crossing of page boundaries does not occur. 

INDEXED ABSOLUTE ADDRESSING [ABS, X or Y]- 

This form of addressing is used in conjunction with X and Y index 
register and is referred to as “Absolute, X” and “Absolute, Y.” 
The effective address is formed by adding the contents of X or 
Y to the address contained in the second and third bytes of the 
instruction. This mode allows the index register to contain the 
index or count value and the instruction to contain the base 


address. This type of indexing allows referencing of any loca- 
tion and the Index may modify multiple fields, resulting in 
reduced coding and execution time. 

IMPLIED ADDRESSING [Implied]— In the implied address- 
ing mode, the address containing the operand is implicitly stated 
In the operation code of the instruction. 

RELATIVE ADDRESSING [Relative]— Relative addressing 
is used only with branch instructions and establishes a destina- 
tion for the conditional branch. 

The second byte of the instruction is an operand. This operand 
is an offset which is added to the program counter when the 
counter is set at the next Instruction. The range of the offset Is 
- 128 to +127 bytes. 

INDEXED INDIRECT ADDRESSING [(IND, X)]-ln indexed 
Indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of index register X 
discarding the carry. The result of this addition points to a 
memory location on page zero which contains the low order byte 
of the effective address. The next memory location in page zero 
contains the high order byte of the effective address. Both 
memory locations specifying the effective address must be in 
page zero. 

INDIRECT INDEXED ADDRESSING [(IND), Y)]-ln 

indirect indexed addressing (referred to as (Indirect), Y), the 
second byte of the instruction points to a memory location in 
page zero. The contents of this memory location are added to 
the contents of index register Y. The result is the low order byte 
of the effective address. The carry from this addition is added 
to the contents of the next page zero memory location, to form 
the high order byte of the effective address. 

ABSOLUTE INDIRECT [Indirect]— The second byte of the 
instruction contains the low order byte of a memory location. 
The high order eight bits of that memory location are contained 
in the third byte of the Instruction. The contents of the fully speci- 
fied memory location are the low order byte of the effective 
address. The next memnory location contains the high order byte 
of the effective address which Is loaded into the sixteen bits of 
the program counter. (JMP (IND) only) 
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INSTRUCTION SET OP CODE MATRIX 

The following matrix shows the Op Codes associated with the 
R6500 family of CPU devices. The matrix identifies the hex- 
adecimal code, the mnemonic code, the addressing mode, the 


R6500 Microprocessors (CPU) 


number of instruction bytes, and the number of machine cycles 
associated with each Op Code. Also, refer to the instruction set 
summary for additional information on these Op Codes. 


BRK 

Implied 

1 7 

ORA 
(IND, X) 

2 6 




ORA 

ZP 

2 3 

ASL 

ZP 

2 5 


PHP 

Implied 

1 3 

ORA 

IMM 

2 2 

ASL 

Accum 

1 2 



ORA 

ABS 

3 4 

ASL 

ABS 

3 6 

BPL 
Relative 
2 2** 

ORA 
(IND), Y 
j 2 5* 




ORA 
ZP, X 

2 4 

ASL 
ZP, X 

2 6 


CLC 

Implied 

1 2 

ORA 
ABS, Y 

3 4* 




ORA 
ABS, X 

3 4* 

ASL 
ABS, X 
3 7 

JSR 

Absolute 
3 6 

AND 
(IND, X) 

2 6 



BIT 

ZP 

2 .3 

AND 

ZP 

2 3 

ROL 

ZP 

2 5 


PLP 

Implied 

1 4 

AND 

IMM 

2 2 

ROL 

Accum 

1 2 


BIT 

ABS 

3 4 

AND 

ABS 

3 4 

ROL 

ABS 

3 6 

BMI 

Relative 
2 2** 

AND 
(IND), Y 

2 5* 




AND 
ZP, X 

2 4 

ROL 
ZP, X 

2 6 


SEC 

Implied 

1 2 

AND 
ABS, Y 

3 4* 




AND 
ABS, X 

3 4* 

ROL 
ABS, X 
3 7 

RTI 

Implied 

1 6 

EOR 
(IND, X) 

2 6 




EOR 

ZP 

2 3 

LSR 

ZP 

2 5 


PHA 

Implied 

1 3 

EOR 

IMM 

2 2 

LSR 

Accum 

1 2 


JMP 

ABS 

3 3 

EOR 

ABS 

3 4 

LSR 

ABS 

3 6 

BVC 
Relative 
2 2“ 

EOR 
(IND), Y 

2 5* 




EOR 
ZP, X 

2 4 

LSR 
ZP, X 

2 6 


CLI 

Implied 

1 2 

EOR 
ABS, Y 

3 4* 


I 


EOR 
ABS, X 

3 4* 

LSR 
ABS, X 
3 7 

RTS 

Implied 

1 6 

ADC 
(IND, X) 

2 6 




ADC 

ZP 

2 3 

ROR 

ZP 

2 5 


PLA 

Implied 

1 4 

ADC 

IMM 

2 2 

ROR 

Accum 

1 2 


JMP 
Indirect 
3 5 

ADC 

ABS 

3 4 

ROR 

ABS 

3 6 

BVS 
Relative 
2 2** 

ADC 
(IND), Y 

2 5* 




ADC 
ZP, X 

2 4 

ROR 
ZP, X 

2 6 


SEI 

Implied 

1 2 

ADC 
ABS, Y 

3 4* 




ADC 
ABS, X 

3 4* 

ROR 
ABS, X 
3 7 


STA 
(IND, X) 

2 6 



STY 

ZP 

2 3 

STA 

ZP 

2 3 

STX 

ZP 

2 3 


DEY 

Implied 

1 2 


TXA 

Implied 

1 2 


STY 

ABS 

3 4 

STA 

ABS 

3 4 

STX 

ABS 

3 4 

BCC 
Relative 
2 2** 

STA 
(IND), Y 
2 6 



STY 
ZP, X 

2 4 

STA 
ZP, X 

2 4 

STX 
ZP, Y 

2 4 


TYA 

Implied 

1 2 

STA 
ABS, Y 

3 5 

TXS 

Implied 

1 2 



STA 
ABS, X 

3 5 


LDY 

IMM 

2 2 

LDA 
(IND, X) 

2 6 

LDX 

IMM 

2 2 


LDY 

ZP 

2 3 

LDA 

ZP 

2 3 

LDX 

ZP 

2 3 


TAY 

Implied 

1 2 

LDA 

IMM 

2 2 

TAX 

Implied 

1 2 


LDY 

ABS 

3 4 

LDA 

ABS 

3 4 

LDX 

ABS 

I 3 4 

BCS 
Relative 
2 2“ 

LDA 
(IND), Y 

2 5* 



LDY 
ZP, X 

2 4 

LDA 
ZP, X 

2 4 

LDX 
ZP, Y 

2 4 


CLV 

Implied 

1 2 

LDA 
ABS, Y 

3 4* 

TSX 

Implied 

1 2 


LDY 
ABS, X 
3 4* 

LDA 
ABS, X 

3 4* 

LDX 
ABS, Y 
3 4* 

CPY 

IMM 

2 2 

CMP 

I (IND, X) 

2 6 



CPY 

ZP 

2 3 

CMP 

ZP 

2 3 

DEC 

I 

2 5 


INY 

Implied 

1 2 

CMP 

IMM 

2 2 

DEX 

Implied 

1 2 


CPY 

ABS 

3 4 

CMP 

ABS 

3 4 

DEC 

ABS 

3 6 

BNE 
Relative 
2 2** 

CMP 
(IND), Y 

2 5* 




CMP 
ZP, X 

2 4 

DEC 
ZP, X 

2 6 


CLD 

Implied 

1 2 

CMP 
ABS, Y 

3 4* 




CMP 
ABS, X 

3 4* 

DEC 
ABS, X 
3 7 

CPX 

IMM 

2 2 

SBC 
(IND, X) 

2 6 



CPX 

ZP 

2 3 

SBC 

ZP 

2 3 

INC 

ZP 

2 5 


INX 

Implied 

1 2 

SBC 

IMM 

2 2 

NOP 

Implied 

1 2 


CPX 

ABS 

3 4 

SBC 

ABS 

3 4 

INC 

ABS 

3 6 

BEQ 
Relative 
2 2** 

SBC 
(IND), Y 

2 5* 




SBC 
ZP, X 

2 4 

INC 
ZP, X 

2 6 


SED 

Implied 

1 2 

SBC 
ABS, Y 

3 4* 




SBC 
ABS, X 

3 4’ 

INC 
ABS, X 
3 7 


BRK —OP Code 
0 Implied — Addressing Mode 

1 7 — Instruction Bytes: Machine Cycles 


*Add 1 to N if page boundary is crossed. 
“Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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INSTRUCTION SET SUMMARY 


IMMEDIATE ABSOLUTE ZERO PAGE ACCUM 


Z PAGE. X ABS X ABS. Y RELATIVE INDIRECT Z PAGE. 


■ PROCESSOR STATUS 
CODES 

' 6 5 4 3 2 I ( 

N V » B D I Z C 


2 75 4 2 7D 4 3 79 4 3 

2 35 4 2 3D 4 3 39 4 3 


BRANCHON2 = 0 (2| 

BRANCH ON N = 0 (2) 


F PAGE BOUNDARY ISCROSSED 


2 D5 4 2 DD 4 3 D9 4 3 


|2|B5|4|2|BD|4|3|B9|4|3| | 


2 F5 4 2 FD 4 3 F9 4 3 


2 95 4 2 9D 5 3 99 5 3 


MEMORY PER EFFECTIVE ADDRESS 
MEMORY PER STACK POINTER 
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AC CHARACTERISTICS 




R65XX 


R65XXB 




(1 MHz) 


(3 MHz) 


Characteristic 

Symbol 

Min 




Min 




R650X CLOCK TIMING 


Clock Cycle Time 

Tcyc 

1.0 

10 

0.5 

10 

0.33 

10 

pS 

00 (IN) Low Pulse Width 

Tl0o 

480 

- 

240 

- 

160 

- 

ns 

00 (IN) High Pulse Width 

Th0O 

460 

- 

240 

- 

160 

- 

ns 

00 (IN) Rise and Fall TimeT 2 

Tro. Tpo 

- 

10 

- 

10 

- 

10 

ns 

01 (OUT) High Pulse Width 

T PWH01 

460 

- 

235 

- 

155 

- 

ns 

02 (OUT) High Pulse Width 

T PWH02 

460 

- 

240 

- 

160 

- 

ns 

Delay Between 01 (OUT) and 02 (OUT) 

Td 

0 

- 

0 

- 

0 

- 

ns 

01 (OUT), 02 (OUT) Rise and Fall 

TimeT 2 

Tr. Tp 


25 


25 


15 

ns 


R651X CLOCK TIMING 


Clock Cycle Time 

Tcyc 

1.0 

10 

0.5 

10 


10 

ixs 

01 (IN) High Pulse Width 

TpWH01 

430 

- 


- 

miQjiii 

- 

ns 

02 (IN) High Pulse Width 


470 

- 


- 

160 

- 

ns 

Delay Between 01 and 02 

Td 

0 

- 

0 

- 

0 

- 

ns 

01 (IN), 02 (IN) Rise and Fall TimeT 3 

Tr. Tf 

- 

25 

- 

20 

- 

15 

ns 


R65XX READ/WRITE TIMING 


R/W Setup Time 

TrwS 

- 

225 

- 

140 

- 

110 

ns 

R/W Hold Time 

Trrw 

30 

- 

30 

- 

15 

- 

ns 

Address Setup Time 

Tads 

- 

225 

- 

140 

- 

110 

ns 

Address Hold Time 

Tha 

30 

- 

30 

- 

15 

- 

ns 

Read Access Time 

Tacc 

- 

650 

- 

310 

- 

170 

ns 

Read Data Setup Time 

Tdsu 

100 

- 

50 

- 

50 

- 

ns 

Read Data Hold Time 

Trr 

10 

- 

10 

- 

10 

- 

ns 

Write Data Setup Time 

Tmds 

- 

175 

- 

100 

- 

85 

ns 

Write Data Hold Time 

Trw 

30 

- 


- 

15 

- 

ns 

SYNC Hold Time 

Tsyh 

30 

- 

30 

- 

15 

- 

ns 

RDY Setup Time 

Trdy 

100 

- 

50 

- 

35 

- 

ns 

SO Setup Time 

Tso 

100 

- 

50 

- 

35 

-- 

ns 

SYNC Setup Time 

Tsyn 

- 

225 

— 

140 

— 

110 

ns 

Notes: 

1. Loads: All output except clocks = 1 TTL +130 pF. Clock outputs = 1 TTL + 30 pF. 

2. Measured between 0.8 and 2.0 points on waveform load. 

3. Measured between 10% and 90% points on waveforms. 

4. *RDY must never switch states within Rrdy to end of 02. 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

8 

> 

-0.3 to +7.0 

Vdc 

Input Voltage 

V,N 

-0.3 to +7.0 

Vdc 

Operating Temperature Range 
Commercial 

Industrial 

Ta 

- 40 to + 85 


Storage Temperature 

Tstg 

-55 to +150 

°C 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

Vcc 

5V ±5% 

Temperature Range 
Commercial 

Industrial 

Ta 

0°C to +70°C 
-40‘»C to +85‘’C 


‘NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vss = 0; Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min. 

Typ.5 

Max. 

Uniti 

Test Conditions 

Input High Voltage 

V,H 




V 


Logic 


2.0 

— 

Vcc 



00 (IN) 


2.4 

— 

Vcc 



01 (IN), 02 (IN) 


o 

1 



— 

Vcc + 0.25 



Input Low Voltage 

V,L 




V 


Logic 


-0.3 

— 

0.8 



00 (IN), 01 (IN), 02 (IN) 


-0.3 

— 

0.4 



Input Leakage Current 

l|N 




nA 

V|N = OV to 5.25V 

Logic (Excl. RDY, SO) 


— 

— 

2.5 


> 

o 

II 

01 (IN), 02 (IN) 


— 

— 

100 



00 (IN) 


— 

— 

10 



Input Leakage Current for Three State Offf 

•tsi 




^A 

V|N = 0.4V to 2.4V 

D0-D7 


— 

— 

10 


Vcc = 5.25V 

Output High Voltage 

Vqh 




V 

Load = - 100 /iA 

SYNC, D0-D7, A0-A15, R/W, 01 (OUT), 02 (OUT) 


+ 2.4 

— 

— 


Vcc = 4.75V 

Output Low Voltage 

VoL 




V 

Load = 1.6 ma 

SYNC, D0-D7, A0-A15, R/W, 01 (OUT), 02 (OUT) 


— 

— 

+ 0.4 


Vcc = 4.75V 

Power Dissipation 

Pd 




mW 


1 and 2 MHz 


— 

450 

700 



3 MHz 


— 

500 

800 



Capacitance 

C 




PF 

Vcc = 5.0V 

Logic 

CiN 

— 

— 

10 


V,N = OV 

D0-D7 


— 

— 

15 


f = 1 MHz 

A0-A15, R/W, SYNC 

CquT 

_ 

_ 

12 


Ta = 25‘’C 

00 (IN) 

C0O{1N) 

— 

— 

15 



01 (IN) 

C01 

— 

30 

50 



02 (IN) 

C02 

— 

50 

80 



Notes: 







1. All units are direct current (dc) except for capacitance. 






2. Negative sign indicates outward current flow, positive indicates inward flow. 





3. IRQ and NMI require 3K pull-up resistor. 







4. 01 (IN) and 02 (IN) apply to R6512, 13, 14, and 15; 00 (IN) applies to R6502, 03, 04, 05, 06 and 07. 



5. Typical values shown for Vcc = 5.0V and T^ = 25°C. 







2-17 






R6520 



R6520 

Rockwell 

Peripheral Interface Adapter (PIA) 


DESCRIPTION 


FEATURES 


The R6520 Peripheral Interface Adapter (PIA) is designed to 
solve a broad range of peripheral control problems in the 
implementation of microcomputer systems. This device allows 
a very effective trade-off between software and hardware by 
providing significant capability and flexibility in a low cost chip. 
When coupled with the power and speed of the R6500, R6500/* 
or R65C00 family of microprocessors, the R6520 allows 
implementation of very complex systems at a minimum overall 
cost. 

Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to “handshake” data between 
the processor and a peripheral device. 


ORDERING INFORMATION 


Part Number 


R6520 


1 - Temperature Range (Tl to Th): 
Blank = 0°C to + 70°C 
E = -40°Cto-h85°C 


•— Package: 

C = 40-Pin Ceramic DIP 
P = 40-Pin Plastic DIP 


' — Frequency Range: 
No letter = 1 MHz 
A = 2 MHz 


• Two 8-bit directional I/O ports with individual data direction 
control 

• Automatic “Handshake” control of data transfers 

• Two interrupts (one for each port) with program control 

• Commercial and industrial temperature range versions 

• 40-pin plastic and ceramic versions 

• 5 volt ± 5% supply requirements 

• Compatible with the R6500, R6500/* and R65C00 family of 
microprocessors 

• 1 and 2 MHz versions 



Figure 1. R6520 Pin Configuration 
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FUNCTIONAL DESCRIPTION 

The R6520 PIA is organized into two independent sections 
referred to as the A Side and the B Side. Each section consists 
of a Control Register (CRA, CRB), Data Direction Register 
(DDRA, DDRB), Output Register (ORA, OBR), Interrupt Status 
Control (ISCA, ISCB), and the buffers necessary to drive the 


Peripheral Interface buses. Data Bus Buffers (DBB) interface 
data from the two sections to the data bus, while the Data Input 
Register (DIR) internees data from the DBB to the PIA registers. 
Chip Select and RAA/ control circuitry interface to the processor 
bus control lines. Figure 2 is a block diagram of the R6520 PIA. 
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Figure 2. R6520 PIA Block Diagram 
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DATA INPUT REGISTER (DIR) 

When the microprocessor writes data into the PIA, the data 
which appears on the data bus during the 02 clock pulse is 
latched into the Data Input Register (DIR). The data is then 
transferred into one of six internal registers of the PIA after the 
trailing edge of the 02 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 

CONTROL REGISTERS (CRA and CRB) 

Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Control inputs (CA1, 
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7) in each control register 
indicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
CB2). These Interrupt Status bits (IRQA1, IRQA2 or IRQBI, 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. 

Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls access to the Data Direction Register or the Peripheral 
Interface. If bit 2 is a “1,” a Peripheral Output Register (ORA, 
ORB) is selected, and if bit 2 is a “0,” a Data Direction Register 
(DDRA, DDRB) is selected. The Data Direction Register Access 
Control bit, together with the Register Select lines (RSO, RSI) 
selects the various internal registers as shown in Table 2. 

In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 


DATA DIRECTION REGISTERS (DDRA, DDRB) 

The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral I/O port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a “0” in a bit position in the Data Direction Register causes the 
corresponding Peripheral I/O line to act as an input; a “1” 
causes it to act as an output. 


PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 

The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral I/O port. If a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low (<0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 

INTERRUPT STATUS CONTROL (ISCA, ISCB) 

The four interrupt/ peripheral control lines (CA1 , CA2, CB1 , CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 

PERIPHERAL I/O PORTS (PA0-PA7, PB0-PB7) 

The Peripheral A and Peripheral B I/O ports allow the micro- 
processor to interface to the input lines on a peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 

Each of the Peripheral I/O lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A 0 in a bit of the Data Direction 
Register causes the corresponding Peripheral I/O lines to act 
as an input. 

The buffers which drive the Peripheral A I/O lines contain “pas- 
sive” pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1 . The switches can sink 1 .6 mA, making thesse buffers 
capable of driving one standard TTL load. 

In the input mode, the pull-up devices are still connected to the 
I/O pin and still supply current to this pin. For this reason, these 
lines also represent one standard TTL load in the input mode. 

The Peripheral B I/O port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 


Table 1. Control Registers Bit Designations 


7 

6 

5 

4 

3 

2 

1 0 

IRQA1 

IRQA2 

CA2 Control 

DDRA/ORA 

Select 

CA1 Control 






7 

6 

5 

4 

3 

2 

1 0 

IRQBI 

IRQB2 

CB2 Control 

DDRB/ORB 

Select 

CB1 Control 


2-20 





R6520 


Peripheral Interface Adapter (PIA) 


The Peripheral B I/O port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than +2.4V. 

Another difference between the PA0-PA7 lines and the PBO 
through PB7 lines is that they have three-state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will 
be read properly, when programmed as output lines, even if the 
data signals fall below 2.0 volts for a “high” state or are above 
0.8 volts for a “low” state. When programmed as output, each 
line can drive at least one TTL load and may also be used as 
a source of up to 1 milliampere at 1 .5 volts to directly drive the 
base of a transistor switch, such as a Darlington pair. 

DATA BUS BUFFER (DBB) 

The Data Bus Buffer is an 8-bit bidirectional buffer used for data 
exchange, on the D0-D7 Data Bus, between the microproces- 
sor and the PIA. This buffer is tri-stateable and is capable of 
driving a two TTL load (when operating in an output mode) and 
represents a one TTL load to the microprocessor (when 
operating in an input mode). 

INTERFACE SIGNALS 

The PIA interfaces to the R6500, R6500/* or the R65C00 micro- 
processor family with a reset line, a 0 clock line, a read/write 
line, two interrupt request lines, two register select lines, three 
chip select lines, and an 8-bit bidirectional data bus. 

The PIA interfaces to the peripheral device with four interrupt/ 
control lines and two 8-bit bidirectional data ports. 

Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 3 shows the interface relationship 
of these signals to the CPU and the peripheral devices. 


CHIP SELECT (CSO, CS1, CS2) 

The PIA is selected when CSO and CS1 are high and CS2 is 
low. These three chip select lines are normally connected to the 
processor address lines either directly or through external 
decoder circuits. When the PIA is selected, data will be trans- 
ferred between the data lines and PIA regjsters, and/or peripheral 
Interface lines as determined by the R/W, RSO, and RS1 lines 
and the contents of Control Registers A and B. 

RESET SIGNAL (RK) 

The R eset ( RES) input initializes the R6520 PIA. A low signal 
on the RES input causes all internal registers to be cleared. 

CLOCK SIGNAL (02) 

The Phase 2 Clock Signal (02) is the system clock that triggers 
all data transfers between the CPU and the PIA. 02 is gener- 
ated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIA. 

READ/WRITE SIGNAL (R/W) 

Read/Write (R/W) controls the direction of data transfers 
between the PIA and the data lines associ^d with the CPU 
and the peripheral devices. A high on the R/W line permits the 
peripheral dejjnce to transfer data to the CPU from the PIA. A 
low on the R/W line allows data to be transferred from the CPU 
to the peripheral devices from the PIA. 

REGISTER SELECT (RSO, RS1) 

The two Register Select lines (RSO, RS1), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register 
access bits (bit 2), select the various R6520 registers to be 
accessed by the CPU. RSO and RS1 are normally connected 
to the microprocessor (CPU) address output lines. Through con- 
trol of these lines, the CPU can write directly into the Control 
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Figure 3. Interface Signals Relationship 
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Registers (CRA, CRB), the Data Direction Registers (DDRA, 
DDRB), and the Peripheral Output Registers (ORA, ORB). In 
addition, the processor may directly read the contents of the 
Control Registers and the Data Direction Registers. Table 2 
shows the internal register address decoding. 


Table 2. Internal Register Addressing 


Register 

Address 

(Hex) 

Register 
Select Lines 

Data Direction 
Controi 

Register Operation 

RSI 

RSO 

CRA 
(Bit 2) 

CRB 
(Bit 2) 

R/W=H 

R/W=L 

0 

L 

L 

1 

_ 

Read PIBA 

Write ORA 

0 

L 

L 

0 

— 

Read DDRA 

Write DDRA 

1 

L 

H 

— 

— 

Read CRA 

Write CRA 

2 

H 

L 

— 

1 

Read PIBB 

Write ORB 

2 

H 

L 

— 

0 

Read DDRB 

Write DDRB 

3 

H 

H 

— 

— 

Read CRB 

Write CRB 


INTERRUPT REQUEST LINES (IRQA, IRQB) 

The active low Interrupt Request lines (IRQA and IRQB) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain and are 
capable of sinking 1 .6 milliamps from an external source. This 
permits all interrupt request lines to be tied together in a wired- 
OR configuration. The A and B in the titles of these lines cor- 
respond to the peripheral port A and the peripheral port B so 
that each interrupt request line services one peripheral data 
port. 

Each Interrupt Request line has two interrupt flag bits which can 
cause the Interrupt Request line to go low. These flags are bits 
6 and 7 in the two Control Registers (CRA, CRB). These flags 
act as the link between the peripheral interrupt signals and the 
microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which allows the processor to enable or dis- 
able the interrupt from each of the four interrupt inputs (CA1, 
CA2, CB1, CB2). The four interrupt flags are set (enabled) by 
active transitions of the signal on the interrupt input (CA1 , CA2, 
CB1,CB2). 

CRA bit 7 (IRQA1) is always set by an ac tive transition of the 
CA1 interrupt input signal. However, IRQA can be disabled by 
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a 0. 

Both bit 6 and bit 7 in CRA are reset by a “Read Peripheral 
Output Register A” operation. This is defined as an operation 
in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the p rocessor to read 
the Peripheral A I/O port. A summary of IRQA control is shown 
in Table 3. 

Control of IRQB is perfo rmed in exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled 


transition on CB2, and IRQB from this flag is controlled by CRB 
bit 3. 

Also, both bit 6 and bit 7 of CRB are reset by a “ Read Peripheral 
B Output Register” operation. A summary of IRQB control is 
shown in Table 3. 


Table 3. IRQA and IRQB Control Summary 


Control Register Bits 

Action 

CRA-7=1 and CRA-0=1 

IRQA goes low (Active) 

CRA-6=1 andCRA-3=1 

IRQA goes low (Active) 

CRB-7=1 and CRB-0=1 

IRQB goes low (Active) 

CRB-6=1 and CRB-3=1 

IRQB goes low (Active) 

Note: 

The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 

The four interrupt input/peripheral control lines provide a number 
of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PA0-PA7, PB0-PB7). Figure 4 summarizes the operation of 
these control lines. 

CA1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control Register A to a logic 1 . 
The active transition can be programmed by setting a “0” in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal or a “1” if it is to be set 
on a positive transition. 

Note: 

A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a low to a high voltage. 

CA2 can act as a totally independent interrupt or as a peripheral 
control output. As an input (CRA, bit 5 = 0) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 

These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1 . The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 

In the output mode (CRA, bit 5 = 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral A l/Q port. This mode 
is selected by setting CRA, bit 4 to a 0 and CRA, bit 3 to a 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc., which make sequential data available on the Periph- 
eral input lines. 


2-22 






R6520 


Peripheral Interface Adapter (PIA) 


CONTROL REGISTER A (CRA) 

CA2 INPUT MODE (BIT 5 = 0) 
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CA2 OUTPUT MODE (BIT 5 = 1) 
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CA2 INPUT OR OUTPUT MODE (BIT 5 = 0 orl) 

Bit 7 IRQA1 FLAG 

1 A transi tion h as occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register 

A or by RES. 

0 No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. 

Bit 2 OUTPUT REGISTER A SELECT 

1 Select Output Register A. 

0 Select Data Direction Register A. 

Bit 1 IRQA1 POSITIVE TRANSITION 

1 Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1. 

0 Set IRQA1 Flag (bit 7) on a negative (high-to-Iow) transition of CA1. 

Bit 0 Ir^ ENABLE FOR IRQA1 

1 Enable assertion of I RQA when IRQA1 Flag (bit 7) is set. 

0 Disable assertion of IRQA when IRQA1 Flag (bit 7) is set. 


CA2 INPUT MODE (BIT 5=0) 

Bit 6 IRQA2 FLAG 

1 A transition has occurred on CA2 that satisfies the bit 4 
IRQA2 transition polarity criteria. This f lag is cleared by 
a read of Output Register A or by RES. 

0 No transition has occurred on CA2 that satisfies the bit 
4 IRQA2 transition polarity criteria. 

Bit 5 CA2 MODE SELECT 

0 Select CA2 Input Mode. 

Bit 4 IRQA2 POSITIVE TRANSITION 

1 Set IRQA2 Flag (bit 6) on a positive (low-to-high) 
transition of CA2. 

0 Set IRQA2 Flag (bit 6) on a negative (high-to-Iow) 
transition of CA2. 

Bit 3 IRQA ENABLE FO R IRQ A2 

1 Enable assertion of IRQA when IRQA2 Flag (bit 6) is 

set. 

0 Disable assertion of IRQA when IRQA2 Flag (bit 6) is 
set. 


CA2 OUTPUT MODE (BIT 5 = 1) 

Bit 6 NOT USED 

0 Always zero. 

Bit 5 CA2 MODE SELECT 

1 Select CA2 Output Mode. 

Bit 4 CA2 OUTPUT CONTROL 

1 CA2 goes low when a zero is written into CRA bit 3. 
CA2 goes high when a one is written into CRA bit 3. 

0 CA2 goes low on the first negative (high-to-Iow) 02 
clock transition following a read of Output Register A. 
CA2 returns high as specified by bit 3. 

Bit 3 CA2 READ STROBE RESTORE CONTROL (4 = 0) 

1 CA2 returns high on the next 02 clock negative 
transition following a read of Output Register A. 

0 CA2 returns high on the next active CA1 transition 
following a read of Output Register A as specified by 
bit1. 


Figure 4. Control Line Operations Summary (1 of 2) 
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CONTROL REGISTER B (CRB) 

CB2 INPUT MODE (BIT 5 = 0) 
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CB2 OUTPUT MODE (BIT 5 = 1) 
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CB2 INPUT OR OUTPUT MODE (BIT 5 = 0 or 1) 

Bit 7 IRQB1 FLAG 

1 A transi tion h as occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register 

B or by RES. 

0 No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. 

Bit 2 OUTPUT REGiSTER B SELECT 

1 Select Output Register B. 

0 Select Data Direction Register B. 

Bit 1 IRQB1 POSmVE TRANSiTION 

1 Set 1RQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1. 

0 Set 1RQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1. 

Bit 0 IRQB ENABLE FO R IRQ B1 

1 Enable assertion of I RQB when IRQB1 Flag (bit 7) is set. 

0 Disable assertion of IRQB when IRQB1 Flag (bit 7) is set. 


CB2 INPUT MODE (BIT 5=0) 

Bit 6 IRQB2 FLAG 

1 A transition has occurred on CB2 that satisfies the bit 4 
IRQB2 transition polarity criteria. This f lag is cleared by 
a read of Qutput Register B or by RES. 

0 No transition has occurred on CB2 that satisfies the bit 
4 IRQB2 transition polarity criteria. 

Bit 5 CB2 MODE SELECT 

0 Select CB2 Input Mode. 

Bit 4 iRQB2 POSITiVE TRANSITION 

1 Set IRQB2 Flag (bit 6) on a positive (low-to-high) 
transition of CB2. 

0 Set IRQB2 Flag (bit 6) on a negative (high-to-low) 
transition of CB2. 

Bit 3 IRQB ENABLE FOR iRQB2 

1 Enable assertion of IRQB when IRQB2 Flag (bit 6) is 

set. 

0 Disable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. 


CB2 OUTPUT MODE (BIT 5 = 1) 

Bit 6 NOT USED 

0 Always zero. 

Bit 5 CB2 MODE SELECT 

1 Select CB2 Output Mode. 

Bit 4 CB2 OUTPUT CONTROL 

1 CB2 goes low when a zero is written into CRB bit 3. 
CB2 goes high when a one is written into CRB bit 3. 

0 CB2 goes low on the first negative (high-to-low) 02 
clock transition following a write to Output Register B. 
CB2 returns high as specified by bit 3. 

Bit 3 CB2 WRITE STROBE RESTORE CONTROL 
(BIT 4 = 0) 

1 CB2 returns high on the next 02 clock negative 
transition following a write to Output Register B. 

0 CB2 returns high on the next active CB1 transition 
following a write to Output Register B as specified by 
bit 1 . 


Figure 4. Control Line Operations Summary (2 of 2) 
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A second output mode allows CA2 to be used in conjunction 
with CA1 to “handshake” between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 

The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, CA2 is a simple peripheral control output 
which can be set high or low by setting bit 3 or CRA to a 1 or 
a 0 respectively. 

CB1 operates as an interrupt input only in the same manner as 
CA1. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 = 1 , differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B Out- 
put Register. Also, the “handshaking” operates on data transfers 
from the processor into the peripheral device. 

READING THE PERIPHERAL A I/O PORT 

Performing a Read operation with RS1 = 0, RSO = 0 and the 
Data Direction Register Access Control bit (CRA-2) = 1 , directly 


transfers the data on the Peripheral A I/O lines to the data bus. 
In this situation, the data bus will contain both the input and out- 
put data. The processor must be programmed to recognize and 
interpret only those bits which are important to the particular 
peripheral operation being performed. 

Since the processor always reads the Peripheral A I/O port pins 
instead of the actual Peripheral Output Register (ORA), it is 
possible for the data read by the processor to differ from the 
contents of the Peripheral Output Register for an output line. 
This is true when the I/O pin is not allowed to go to a full 
+ 2.4V DC when the Peripheral Output register contains a 
logic 1. In this case, the processor will read a 0 from the 
Peripheral A pin, even though the corresponding bit in the 
Peripheral Output register is a 1 . 


READING THE PERIPHERAL B I/O PORT 

Reading the Peripheral B I/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output lines 
without causing incorrect data to be transferred back to the 
processor on a Read operation. 
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Figure 6. Write Timing Waveforms 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

V,N 

— 0.3 to + Vqq 

Vdc 

Operating Temperature Range 
Commercial 

Industrial 

Ta 

Tl Th 

0 to +70 
-40 to +85 

“C 

Storage Temperature 

Tstg 

- 55 to +150 



‘NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

Vcc 

5V ±5% 

Temperature Range 
Commercial 

Industrial 

Ta 

0®C to 70®C 
-40°C to +85®C 


DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min. 

Typ.3 

Max. 

Unit^ 

Test Conditions 

Input High Voltage 

V,H 

+ 2.0 

— 

Vcc 

V 


Input Low Voltage 

V,L 

-0.3 

- 

+ 0.8 

V 


Input Leakage Current 

•in 

— 

±1 

±2.5 

fiA 

V,N = OV to 5.0V 

R/W, RES, RSO, RS1, CSO, CS1, CS2, 

CA1 , CB1 , 02 






> 

o 

II 

o 

o 

> 

Input Leakage Current for Three-State Off 

•tsi 

_ 

±2 

±10 


V,N = 0.4V to 2.4V 

D0-D7, PB0-PB7, CB2 






Vcc = 5.25V 

Input High Current 

•iH 

-100 

-250 

— 

P.A 

V,H = 2.4V 

PA0-PA7, CA2 







Input Low Current 

•iL 

— 

-1 

-1.6 

mA 

V|L = 0.4V 

PA0-PA7, CA2 







Output High Voltage 

VOH 





Vcc = 4.75V 

All outputs 


2.4 

— 

— 

V 

•load = -100ft A 

PB0-PB7, CB2 (Darlington Drive) 


1.5 

— 

— 

V 

•load = -1.0 mA 

Output Low Voltage 

VoL 

— 

— 

+ 0.4 

V 

Vcc = 4.75V 
•load = 1.6 mA 

Output High Current (Sourcing) 







Logic 

•oh 

-100 

-1000 

— 

mA 

VoH = 2.4V 

PB0-PB7, CB2 (Darlington Drive) 


-1.0 

-2.5 

-10 

mA 

VoH = 1-5V 

Output Low Current (Sinking) 

•OL 

1.6 

_ 

— 

mA 

Vql = 0.4V 

Output Leakage Current (Off State) 

•off 

_ 

1 

±10 

mA 

VoH = 2.4V 

IRQA, IRQB 






Vcc = 5.25V 

Power Dissipation 

Pd 


200 

500 

mW 


Input Capacitance 

C|N 




PF 

Vcc = 5.0 V 

D0-D7. PA0-PA7, PB0-PB7, CA2, CB2 


— 

— 

10 


> 

o 

II 

z 

> 

R/W, RES, RSO, RSI, CSO, CS1, CS2 


— 

— 

7.0 


f = 1 MHz 

CA1, CB1, 02 



— 

20 


Ta = 25°C 

Output Capacitance 

^OUT 


- 

10 

pF 


Notes: 







1. All units are direct current (dc) except for capacitance. 






2. Negative sign indicates outward current flow, positive indicates inward flow. 




3. Typical values are shown for V^c = 5.0V and T^ = 25®C. 
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Rockwell 

Versatile Interface Adapter (VIA) 


DESCRIPTION 

The R6522 Versatile Interface Adapter (VIA) is a very flexible 
I/O control device. In addition, this device contains a pair of very 
powerful 16-bit interval timers, a serial-to-parallel/parallel-to serial 
shift register and input data latching on the peripheral ports. 
Expanded handshaking capability allows control of bidirectional 
data transfers between VIA’s in multiple processor systems. 

The R6522 includes functions for programmed control of up to 
two peripheral devices (Ports A and B). These two program con- 
trolled 8-bit bidirectional peripheral I/O ports allow direct inter- 
facing between the microprocessor and selected peripheral 
units. Each port has input data latching capability. Two program- 
mable Data Direction Registers (A and B) allow selection of data 
direction (input or output) on an individual line basis. 

The R6522 also has two programmable 16-bit Interval 
Timer/Counters with latches. Timer 1 may be operated in a One- 
Shot Interrupt Mode with interrupts on each count-to-zero, or 
in a Free-Run Mode with a continuous series of evenly spaced 
interrupts. Timer 2 functions as both an Interval and pulse coun- 
ter. Serial data transfers are provided by a serial-to- 
parallel/parallel-to-serial shift register. Application versatility is 
further increased by various control registers, including— the 
Interrupt Flag Register, the Interrupt Enable Register, the 
Auxiliary Control Register and the Peripheral Control Register. 

ORDERING INFORMATION 


Part Number: 
R6522 


Temperature Range 
Blank = 0®C to + 70°C 

E = -40°C to +85°C 


Package 

C = Ceramic 
P = Plastic 


Frequency 
No Letter = 1 MHz 
A = 2 MHz 


FEATURES 

• Two 8-bit bidirectional I/O ports 

• Two 16-bit programmable timer/counters 

• Serial bidirectional peripheral I/O 

• TTL compatible peripheral control lines 

• Expanded “handshake” capability allows positive control of 
data transfers between processor and peripheral devices. 

• Latched output and input registers on both I/O ports 

• 1 and 2 MHz operation 

• Commercial and industrial temperature range versions 

• Single +5 Vdc power requirement 


Vsst= 

1 

40 

d CA1 

PAD C 

2 

39 

d CA2 

PA1 d 

3 

38 

d RSO 

PA2 CZ 

4 

37 

d RSI 

PA3 d 

S 

36 

d RS2 

PA4 d 

6 

35 

d RS3 

PAS d 

7 

34 

d RES 

PA6 d 

8 

33 

d DO 

PA7 d 

9 

32 

dD1 

PBO d 

10 

31 

d D2 

PB1 d 

11 

30 

d D3 

PB2 d 

12 

29 

dID4 

PB3 d 

13 

28 

d D5 

PB4 d 

14 

27 

dD6 

PBS d 

15 

26 

d D7 

PB6 d 

16 

25 

d 02 

PB7 d 

17 

24 

dCSI 

CB1 d 

18 

23 

dCS2 

CB2 d 

19 

22 

dR/W 

vccc 

20 

21 

dIRQ 

R6S22 Pin Configuration 


Figure 1 . R6522 Pin Assignments 
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INTERFACE SIGNALS 

Figure 1 (on the front page) shows the R6522 VIA pin assign- 
ments and Figure 2 groups the signals by functional interface. 

RESET (RK) 

Reset (RES) clears all internal registers (except T1 an d T2 
counters and latches, and the Shift Register (SR) ). In the RES 
condition, all peripheral interface lines (PA and PB) are placed 
in the input state. Also, the Timers (T1 and T2), SR and inter- 
rupt logic are disabled from operation. 

INPUT CLOCK (PHASE 2) 

The system Phase 2 (02) Input Clock controls all data transfers 
between the R6522 and the microprocessor. 

READ/WRITE (R/W) 

The direction of the data transfers between the R6522 and the 
system processor is co ntrolled by the R/W line in conjunction 
with the CS1 and CS2 inputs. When R/W is low (write opera- 
tion) and the R6522 is selected, data is transferred from_the 
processor bus into the selected R6522 register. When R/W is 
high (read operation) and the R6522 is selected, data is trans- 
ferred from the selected R6522 register to the processor bus. 

DATA BUS (D0-D7) 

The eight bidirectional Data Bus lines transfer data between the 
R6522 and the microprocessor. During a read operation, the con- 
tents of the selected R6522 internal register are transferred to 
the microprocessor via the Data Bus lines. During a write oper- 
ation, the Data Bus lines serve as high impedance inputs over 
which data is transferred from the microprocessor to a selected 
R6522 register. The Data Bus lines are in the high impedance 
state when the R6522 is unselected. 

CHIP SELECTS (CS1, C^) 

Normally, the two chip select lines are connected to the micro- 
processor address lines. This connection may be direct or 
through decoding. To acce ss a selected R6522 register, CS1 
must be high (logic 1) and CS2 must be low (logic 0). 

REGISTER SELECTS (RS0-RS3) 

The Register Select inputs allow the microprocessor to select 
one of 16 Internal registers within the R6522. Refer to Table 1 
for Register Select coding and a functional description. 

REGISTER SELECTS (RS0~RS3) 

The Register Select inputs allow the microprocessor to select 
one of 16 internal registers within the R6522. Refer to Table 1 
for Register Select coding and a functional description. 

INTERRUPT REQUEST (IRQ) 

The Interrupt Request (IRQ) output signal is generated whenever 
an internal Interrupt Flag bit is set and the corresponding Inter- 
rupt Enable bit is a Logic 1 . The Interrupt Request output is an 



open-drain configuration, thus allowing t he IR Q signal to be 
wire-ORed to a common microprocessor IRQ input line. 

PORT A DATA LINES (PA0-PA7) 

Peripheral Data Port A is an 8-line, bidirectional bus for the trans- 
fer of data, control and status information between the R6522 
and a peripheral device. Each Peripheral Data Port bus line may 
be individually programmed as either an input or output under 
control of a Data Direction Register. Data flow direction may be 
selected on a line-by-line basis with intermixed input and out- 
put lines within the same port. When a “0” is written to any bit 
position of the Data Direction Register, the corresponding line 
will be programmed as an input. When a “1 ” is written into any 
bit position of the register, the corresponding data line will serve 
as an output. Polarity of the data output is determined by the 
Output Register, while input data may be latched into the Input 
Register under control of the CA1 line. All modes are program 
controlled by the microprocessor by way of the R6522’s inter- 
nal control registers. Each Peripheral Data Port line represents 
one TTL load in the input mode and will drive one standard TTL 
load in the output mode. A typical output circuit for Peripheral 
Data Port A is shown in Figure 3. 


PORT A CONTROL LINES (CA1, CA2) 

Control lines CA1 and CA2 serve as interrupt inputs or hand- 
shake outputs for Peripheral Data Port A. Each line controls an 
internal Interrupt Flag with a corresponding Interrupt Enable bit. 
CA1 also controls the latching of Input Data on Port A. CA1 is 
a high impedance input, while CA2 represents one standard TTL 
load in the input mode. In the output mode, CA2 will drive one 
standard TTL load. 
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PORT B DATA LINES (PB0-PB7) 

Peripheral Data Port B is an 8-line, bidirectional bus which is 
controlled by an Output Register, Input Register and Data Direc- 
tion Register in a manner much the same as Data Port A. With 
respect to Port B, the output signal on line PB7 may be con- 
trolled by Timer 1 while Timer 2 may be programmed to count 
pulses on the PB6 line. Port B lines represent one standard TTL 
load in the input mode and will drive one TTL load in the output 
mode. Port B lines are also capable of sourcing 1.0 mA at 
1.5 Vdc in the output mode. This allows the outputs to directly 
drive Darlington transistor circuits. A typical output circuit for 
Port B is shown in Figure 3. 


Versatile Interface Adapter (VIA) 


PORT B CONTROL LINES (CB1, CB2) 

Control lines CB1 and CB2 serve as interrupt inputs or hand- 
shake outputs for Peripheral Data Port B. Like Port A, these two 
control lines control an internal Interrupt Flag with a correspond- 
ing Interrupt Enable bit. Similar to CA1 , CB1 controls the latch- 
ing of input data on Port B. These lines also serve as a serial 
data port under control of the Shift Register (SR). Each control 
line represents one standard TTL load in the input mode and 
can drive one TTL load In the output mode. CB2 can also drive 
a Darlington transistor circuit; however, CB1 cannot. 


Table 1. R6522 Register Addressing 


Register 

RS Coding 


Register 

Regisi 

ter/Descriptlon 

Number 

RS3 

RS2 

RSI 

RSO 

Desig. 

Write (R/W = L) 

Read (R/W = H) 

0 

0 

0 

0 

0 

ORB/IRB 

Output Register B 

Input Register B 

1 

0 

0 

0 

1 

ORA/IRA 

Output Register A 

Input Register A 

2 

0 

0 

1 

0 

DDRB 

Data Directic 

)n Register B 



Data Direction Register A 


T 1 Low-Order Counter 


T1 High-Order Counter 

T 1 Low-Order Latches 


T1 High-Order Latches 

T2 Low-Order Latches { T2 Low-Order Counter 

T2 High-Order Counter 

Shift Register 


Auxiliary Control Register 


13 

1 

1 

0 

1 

IFR 

Interrupt Flag Register 

14 

1 

1 

1 

0 

lER 

Interrupt Enable Register 

15 

1 

1 

1 

1 

ORA/IRA 

Output Register A* | Input Register A* 

NOTE: ‘Same as Register 1 except no handshake. 


I/O CONTROL 
OUTPUT DATA 




. PA0-PA7, 
CA2 


INPUT DATA 


INPUT 

OUTPUT 

CONTROL 


OUTPUT 

DATA 

INPUT DATA 



PB0-PB7, 
CB1, CB2 


a. Port A Output Circuit 


b. Port B Output Circuit 


Figure 3. Port A and B Output Circuits 
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FUNCTIONAL DESCRIPTION 

The internal organization of the R6522 VIA is illustrated in 
Figure 4. 


PORT A AND PORT B OPERATION 

The R6522 VIA has two 8-bit bidirectional I/O ports (Port A and 
Port B) and each port has two associated control lines. 

Each 8-bit peripheral port has a Data Direction Register (DDRA, 
DDRB) for specifying whether the peripheral pins are to act as 
inputs or outputs. A “0” in a bit of the Data Direction Register 
causes the corresponding peripheral pin to act as an input. A “1 ” 
causes the pin to act as an output. 

Each peripheral pin is also controlled by a bit in the Output 
Register (ORA, ORB) and the Input Register (IRA, IRB). When 
the pin is programmed as an output, the voltage on the pin is 
controlled by the corresponding bit of the Output Register. A “1 ” 
in the Output Register causes the output to go high, and a “0” 
causes the output to go low. Data may be written into Output 


Register bits corresponding to pins which are programmed as 
inputs. In this case, however, the output signal is unaffected. 

Reading a peripheral port causes the contents of the Input 
Register (IRA, IRB) to be transferred onto the Data Bus. With 
input latching disabled, IRA will always reflect the levels on the 
PA pins. With input latching enabled, IRA will reflect the levels 
on the PA pins at the time the latching occurred (via CA1). 

The IRB register operates similar to the IRA register. However, 
for pins programmed as outputs there is a difference. When read- 
ing IRA, the level on the pin determines whether a “0” or a "1 ” 
is sensed. When reading IRB, however, the bit stored in the out- 
put register, ORB, is the bit sensed. Thus, for outputs which have 
large loading effects and which pull an output “1 ” down or which 
pull an output "0” up, reading IRA may result in reading a “0” 
when a “1” was actually programmed, and reading a "1” when 
a “0” was programmed. Reading IRB, on the other hand, will 
read the "1 ” or "O” level actually programmed, no matter what 
the loading on the pin. 

Figures 5 through 8 illustrate the formats of the port registers. 


DATA 

BUS 


RK 

R/W 

«/>2 

CS1 

CS2 

RSO 

RS1 

RS2 

RS3 



IRQ 





PERIPHERAL 

(PCR) 

AUXILIARY 

(ACR) 


FUNCTION 

CONTROL 


LATCH j 

LATCH 

(T1L-H) • 

(T1L-L) 

I COUNTER i COUNTERS 

I (T1C-H) I I 

(T1C-L) I 


TIMER 1 
TIMER 2 



LATCH 


(T2L.L) 

COUNTER 

I COUNTER 

(T2C-H) 

I (T2C.L) 


[INPUT LATCH] 

"output 

(ORA) 

data'dir 

(DDRA) 


BUFFERS 

(PA) 


to 


PORT A 


PORT A REGISTERS 




PORT A 
PORT B 


CA1 
- CA2 


HANDSHAKE 

CONTROL 


SHIFT REG 
rv/ (SR) 


CB1 

CB2 


PORT B REGISTERS 


[INPUT LATCHl 
_(IRB)__ 
output" 

(ORB) 

data“dir 

(DDRB) 


1 / M BUFFERS M \ 

In (PB) N / 


> PORT B 


Figure 4. R6522 VIA Block Diagram 
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HANDSHAKE CONTROL OF DATA TRANSFERS 

The R6522 allows positive control of data transfers between the 
system processor and peripheral devices through the operation 
of “handshake” lines. Port A lines (CA1, CA2) handshake data 
on both a read and a write operation while the Port B lines (CB1 , 
CB2) handshake on a write operation only. 

Read Handshake 

Positive control of data transfers from peripheral devices into 
the system processor can be accomplished very effectively using 
Read Handshaking. In this case, the peripheral device must 
generate the equivalent of a “Data Ready” signal to the 
processor signifying that valid data is present on the peripheral 


REG 0— ORB/iRB 

L- PBo" 

FBI 

OUTPUT REGISTER 

PB3 ..g.. qR 

PB4 input register 

PB5 “B”(IRB) 

PB6 

PB7_ 



Figure 5. Output Register B (ORB), Input Register B (IRB) 



Figure 7. Data Direction Register B (DDRB) 


port. This signal normally interrupts the processor, which then 
reads the data, causing generation of a “Data Taken” signal. 
The peripheral device responds by making new data available. 
This process continues until the data transfer is complete. 

In the R6522, automatic “Read” Handshaking is possible on 
the Peripheral A port only. The CA1 interrupt input pin accepts 
the “Data Ready” signal and CA2 generates the “Data Taken” 
signal. The “Data Ready” signal will set an internal flag which 
may interrupt the processor or which may be polled under pro- 
gram control. The “Data Taken” signal can either be a pulse 
or a level which is set low by the system processor and is cleared 
by the “Data Ready” signal. These options are shown in Figure 9 
which illustrates the normal Read Handshake sequence. 


REG 1— ORA/IRA 



Figure 6. Output Register A (ORA), Input Register A (IRA) 



Figure 8. Data Direction Register A (DDRA) 
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Figure 9. Read Handshake Timing (Port A Only) 


Write Handshake 

The sequence of operations which allows handshaking data from 
the system processor to a peripheral device is very similar to 
that described for Read Handshaking. However, for Write Hand- 
shaking, the R6522 generates the “Data Ready” signal and the 
peripheral device must respond with the “Data Taken” signal. 
This can be accomplished on both the PA port and the PB port 
on the R6522. CA2 or CB2 act as a “Data Ready” output in either 
the handshake mode or pulse mode and CA1 or CB1 accept 
the “Data Taken” signal from the peripheral device, setting the 
interrupt flag and clearing the "Data Ready” output. This 
sequence is shown in Figure 10. 

Latching 

The PA port and the PB port on the R6522 can be enabled in 
the Auxiliary Control Register (Figure 14) to be latched by their 
individual port control lines (CA1, CB1). Latching is selectable 
to be on the rising or falling edge of the signal at each individ- 
ual port control line. Selection of operating modes for CA1 , CA2, 
CB1 and CB2 is accomplished by the Peripheral Control Register 
(Figure 11). 




Figure 10. Write Handshake Timing 
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COUNTER/TIMERS 

There are two independent 16-bit counter/timers (called Timer 1 
and Timer 2) in the R6522. Each timer is controlled by writing 
bits into the Auxiliary Control Register (ACR) to select the mode 
of operation (Figure 14). 

Timer 1 Operation 

Interval Timer T1 consists of two 8-bit latches (Figure 12) and 
a 16-bit counter (Figure 13). The latches store data which is to 
be loaded into the counter. After loading, the counter decrements 
at 02 clock rate. Upon reaching zero, an interrupt flag is set, 
and IRQ goes low if the T1 interrupt is enabled. Timer 1 then 


disables any further interrupts and automatically transfers the 
contents of the latches into the counter and continues to decre- 
ment. In addition, the timer may be programmed to Invert the 
output signal on peripheral pin PB7 each time it “times-out”. 
Each of these modes is discussed separately below. 

Note that the processor does not write directly into the low-order 
counter (T1C-L). Instead, this half of the counter is loaded 
automatically from the low order latch (T1L-L) when the 
processor writes into the high order counter (T1C-H). In fact, it 
may not be necessary to write to the low order counter in some 
applications since the timing operation is triggered by writing 
to the high order latch. 
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REG 11— AUXILIARY CONTROL REGISTER 


T1 TIMER CONTROL- 


OPERATION 


TIMED INTERRUPT 
EACH TIME T1 IS 
LOADED 


TIMED INTERRUPT 
EACH TIME T1 IS 
LOADED 


SQUARE 

WAVE 

OUTPUT 


T2 TIMER CONTROL - 


5| OPERATION 


TIMED INTERRUPT 


LATCH ENABLE/DISABLE 


- SHIFT REGISTER CONTROL 


4 

3 

T 

OPERATION 

0 

0 

0 

DISABLED 

0 

0 

1 

SHIFT IN UNDER CONTROL OF T2 

0 

1 

0 

SHIFT IN UNDER CONTROL OF 02 

JO 

1 

1 

SHIFT IN UNDER CONTROL OF EXT. CLK 

_1_ 

0 

0 

SHIFT OUT FREE-RUNNING AT T2 RATE 



1 

SHIFT OUT UNDER CONTROL OF T2 

1 


0 

SHIFT OUT UNDER CONTROL OF 02 

1 

1, 

1 

SHIFT OUT UNDER CONTROL OF EXT CLK 


Figure 14. Auxiliary Control Register (ACR) 


Timer 1 One-Shot Mode 

The Timer 1 one-shot mode generates a single interrupt for each 
timer load operation. As with any interval timer, the delay 
between the “write T1C-H” operation and generation of the proc- 
essor interrupt is a direct function of the data loaded into the 
timing counter. In addition to generating a single interrupt, 
Timer 1 can be programmed to produce a single negative pulse 
on the PB7 peripheral pin. With the output enabled (ACR7 = 1) 
a “write T1C-H’’ operation will cause PB7 to go low. PB7 will 
return high when Timer 1 times out. The result is a single pro- 
grammable width pulse. 

Timing for the R6522 interval timer one-shot modes is shown 
in Figure 15. 

In the one-shot mode, writing into the T1L-H has no effect on 
the operation of Timer 1 . However, it will be necessary to assure 


that the low order latch contains the proper data before initiat- 
ing the count-down with a “write T1C-H” operation. When the 
processor writes into the high order counter (T 1 C-H), the T 1 inter- 
rupt flag will be cleared, the contents of the low order latch will 
be transferred into the low order counter, and the timer will begin 
to decrement at system clock rate. If the PB7 output is enabled, 
this signal will go low on the falling edge of 02 following the 
write operation. When the co unte r reaches zero, the T1 inter- 
rupt flag will be set, the IRQ pin will go low (interrupt 
enabled), and the signal on PB7 will go high. At this time the 
counter will continue to decrement at system clock rate. This 
allows the system processor to read the contents of the coun- 
ter to determine the time since interrupt. However, the T1 inter- 
rupt flag cannot be set again unless it has been cleared as 
described in this specification. 
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Timer 1 Free-Run Mode 

The most important advantage associated with the latches in T1 
is the ability to produce a continuous series of evenly spaced 
interrupts and the ability to produce a square wave on PB7 whose 
frequency is not affected by variations in the processor interrupt 
response time. This is accomplished in the “free-running” mode. 

In the free-running mode, the interrupt flag is set and the signal 
on PB7 is inverted each time the counter reaches zero at which 
time the timer automatically transfers the contents of the latch 
into the counter (16 bits) and continues to decrement from there. 
The interrupt flag can be cleared by writing T1C-H or T1L-H, by 
reading T1C-L, or by writing directiy into the flag as described 
later. However, it is not necessary to rewrite the timer to enable 
setting the interrupt flag on the next time-out. 

All interval timers in the R6522 are “re-triggerable”. Rewriting 
the counter will always re-initialize the time-out period. In fact, 


the time-out can be prevented completely if the processor con- 
tinues to rewrite the timer before it reaches zero. Timer 1 will 
operate in this manner if the processor writes into the high order 
counter (T1C-H). However, by loading the latches only, the 
processor can access the timer during each down-counting oper- 
ation without affecting the time-out in process. Instead, the data 
loaded into the latches will determine the length of the next time- 
out period. This capability is particularly valuable in the free- 
running mode with the output enabled. In this mode, the signal 
on PB7 is inverted and the interrupt flag is set with each time- 
out. By responding to the interrupts with new data for the latches, 
the processor can determine the period of the next half cycle 
during each half cycle of the output signal on PB7. In this manner, 
very complex waveforms can be generated. 

A precaution to take in the use of PB7 as the timer output con- 
cerns the Data Direction Register contents for PB7. Both DDRB 
bit 7 and ACR bit 7 must be 1 for PB7 to function as the timer 
output. If one is 1 and other is 0, then PB7 functions as a nor- 
mal outpin pin, controlled by ORB bit 7. 



Timer 2 Operation 

Timer 2 operates as an interval timer (in the “one-shot” mode 
only), or as a counter for counting negative pulses on the PBS 
peripheral pin. A single control bit in the Auxiliary Control Register 
selects between these two modes. This timer Is comprised of 
a “write-only” lower-order latch (T2L-L), a “read-only” low-order 
counter (T2C-L) and a read/write high order counter (T2C-H). The 
counter registers act as a 16-bit counter which decrements at 
02 rate. Figure 17 illustrates the T2 Latch/Counter Registers. 

Timer 2 One-Shot Mode 

As an interval timer, T2 operates In the “one-shot” mode similar 
to Timer 1. In this mode, T2 provides a single interrupt for each 
“write T2C-H” operation. After timing out, the counter will con- 
tinue to decrement. However, setting of the interrupt flag is dis- 
abled after initial time-out so that it will not be set by the counter 


decrementing again through zero. The processor must rewrite 
T2C-H to enable setting of the interrupt flag. The interrupt flag 
is cleared by reading T2C-L or by writing T2C-H. Timing for this 
operation is shown in Figure 18. 

Timer 2 Pulse Counting Mode 

In the pulse counting mode, T2 counts a predetermined num- 
ber of negative-going pulses on PB6. This is accomplished by 
first loading a number into T2. Writing into T2C-H clears the inter- 
rupt flag and allows the counter to decrement each time a pulse 
is applied to PB6. The interrupt flag is set when T2 counts down 
past zero. The counter will then continue to decrement with each 
pulse on PB6. However, it is necessary to rewrite T2C-H to allow 
the interrupt flag to set on a subsequent time-out. Timing for this 
mode is shown in Figure 19. The pulse must be low on the lead- 
ing edge of 02. 
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REG 8— TIMER 2 LOW-ORDER LATCH/COUNTER REG 9— TIMER 2 HIGH-ORDER LATCH/COUNTER 



4 

8 

16 

32 

64 

■128 


COUNT 

VALUE 



- 512 
1024 
2048 
4096 
8192 
16384 
32768] 


COUNT 

VALUE 


WRITE- 8 BITS LOADED INTO T2 LOW ORDER 
LATCH 

READ- 8 BITS FROM T2 LOW ORDER COUNTER 
TRANSFERRED TO MPU T2 INTERRUPT 
FLAG IS RESET. 


WRITE - 


8 BITS LOADED INTO T1 HIGH ORDER 
COUNTER ALSO, LOW* ORDER LATCH 
TRANSFERRED TO LOW ORDER 
COUNTER. IN ADDITION, T2 INTERRUPT 
FLAG IS RESET. 


READ - 8 BITS FROM T2 HIGH-ORDER COUNTER 

TRANSFERRED TO MPU. 


Figure 17. Timer 2 (T2) Latch/Counter Registers 



Figure 18. Timer 2 One-Shot Mode Timing 



Figure 19. Timer 2 Pulse Counting Mode 
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SHIFT REGISTER OPERATION 

The Shift Register (SR) performs serial data transfers into and 
out of the CB2 pin under control of an internal modulo-8 counter. 
Serial data transfer in and out of the Shift Register (SR) begin 
with the most significant bit (MSB) first. Shift pulses can be 
applied to the CB1 pin from an external source or, with the proper 
mode selection, shift pulses generated internally will appear on 
the CB1 pin for controlling external devices. 

The control bits which select the various shift register operating 
modes are located in the Auxiliary Control Register. Figure 20 
Illustrates the configuration of the SR data bits and Figure 21 
shows the SR control bits of the ACR. 

SR Mode 0 — Shift Register interrupt Disabled 

Mode 0 disables the Shift Register interrupt. In this mode the 
microprocessor can write or read the SR and the SR will shift 
on each CB1 positive edge shifting in the value on CB2. In this 
mode the SR interrupt Flag is disabled (held to a logic 0). 

SR Mode 1 — Shift In Under Control of T2 

In mode 1, the shifting rate is controlled by the low order 8 bits 
of T2 (Figure 22). Shift pulses are generated on the CB1 pin to 
control shifting in external devices. The time between transitions 


of this output clock is a function of the system clock period and 
the contents of the low order T2 latch (N). 

The shifting operation is triggered by the read or write of the SR 
if the SR flag is set in the IFR. Otherwise the first shift will occur 
at the next time-out of T2 after a read or write of the SR. The 
input data should change before the positive-going edge of CB1 
clock pulse. This data is shifted into the shift register during the 
02 clock cycle following the positive-going edge of the CB1 clock 
pulse. The minimum CB1 positive pulse width must be one clock 
period. After 8 C B1 clock pulses, the shift register interrupt flag 
will set and IRQ will go low. 


SR Mode 2 — Shift In Under 02 Control 

In mode 2, the shift rate is a direct function of the system clock 
frequency (Figure 23). CB1 becomes an output which generates 
shift pulses for controlling external devices. Timer 2 operates 
as an independent interval timer and has no effect on SR. The 
shifting operation is triggered by reading or writing the Shift 
Register. Data is shifted, first into bit 0 and is then shifted into 
the next higher order bit of the shift register on the trailing edge 
of each 02 clock pulse. After 8 clock pulses, the shift register 
interrupt flag will be set, and the output clock pulses on CB1 
will stop. 


REG 10-SHIFT REGISTER 



1. WHEN SHIFTING OUT. BIT 7 !S THE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATED BACK 
INTO BITO. 

2. WHEN SHIFTING IN, BITS INITIALLY ENTER 
BIT 0 AND ARE SHIFTED TOWARDS BIT 7. 


REG 11— AUXILIARY CONTROL REGISTER 


7 6 5 4 3 2 1 0 


SHIFT REGISTER 
MODE CONTROL 


4 

3 

2 

OPERATION 

0 

0 

0 

DISABLED 

0 

0 

1 

SHIFT IN UNDER CONTROL OF T2 

0 

1 

0 

SHIFT IN UNDER CONTROL OF 'l'2 

0 

_1_ 

Jl_ 

SHIFT IN UNDER CONTROL OF EXT CLK 

1 

_0_ 

_0_ 

SHIFT OUT FREE RUNNING AT T2 RATE 

_}_ 

_0_ 


SHIFT OUT UNDER CONTROL OF T2 

1 

1 

_0_ 

SHIFT OUT UNDER CONTROL OF 'l■2 

1 

"T 


SHIFT OUT UNDER CONTROL OF EXT CLK 


Figure 20. Shift Register 


Figure 21. Shift Register Modes 
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SR Mode 3 — Shift In Under CB1 Control 

In mode 3, external pin CB1 becomes an input (Figure 24). This 
allows an external device to load the shift register at its own pace. 
The shift register counter will interrupt the processor each time 
8 bits have been shifted in. The shift register stops after 8 counts 
and must be reset to start again. Reading or writing the Shift 
Register resets the Interrupt Flag and initializes the SR counter 
to count another 8 pulses. 

Note that the data is shifted during the first system clock cycle 
following the positive-going edge of the CB1 shift pulse. For this 
reason, data must be held stable during the first full cycle fol- 
lowing CB1 going high. The minimum CB1 positive pulse width 
must be one clock period. 

SR Mode 4 — Shift Out Under T2 Control (Free-Run) 

Mode 4 is very similar to mode 1 in which the shifting rate is 
set by T2. However, in mode 4 the SR Counter does not stop 


the shifting operation (Figure 25). Since the Shift Register bit 7 
(SR7) is recirculated back into bit 0, the 8 bits loaded into the 
shift register will be clocked onto CB2 repetitively. In this mode 
the shift register counter is disabled. 


SR Mode 5 — Shift Out Under T2 Control 

In mode 5, the shift rate is controlled by T2 (as in mode 1). The 
shifting operation is triggered by the read or write of the SR if 
the SR flag is set in the IFR (Figure 26). Otherwise the first shift 
will occur at the next time-out of T2 after a read or write of the 
SR. However, with each read or write of the shift register the SR 
Counter is reset and 8 bits are shifted onto CB2. At the same 
time, 8 shift pulses are generated on CB1 to control shifting in 
external devices. After the 8 shift pulses, the shifting is disabled, 
the SR Interrupt Flag is set and CB2 remains at the last 
data level. 
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T 
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SHIFT CLOCK 1 
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Figure 23. SR Mode 2 — Shift In Under 02 Control 
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Figure 24. SR Mode 3 — Shift In Under CB1 Control 
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Figure 25. SR Mode 4 — Shift Out Under T2 Control (Free-Run) 
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SR Mode 6 — Shift Out Under 02 Control 

In mode 6, the shift rate is controlled by the 02 system clock 
(Figure 27). 

SR Mode 7 — Shift Out Under CB1 Control 

In mode 7, shifting is controlled by pulses applied to the CB1 
pin by an external device (Figure 28). The SR counter sets the SR 
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Interrupt Flag each time it counts 8 pulses but it does not disa- 
ble the shifting function. Each time the microprocessor, writes 
or reads the shift register, the SR Interrupt Flag is reset and the 
SR counter is initialized to begin counting the next 8 shift pulses 
on pin CB1. After 8 shift pulses, the Interrupt Flag is set. The 
microprocessor can then load the shift register with the next byte 
of data. 
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Figure 27. SR Mode 6 Shift Out Under 02 Control 
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INTERRUPT OPERATION 

Controlling interrupts within the R6522 involves three principal 
operations. These are flagging the interrupts, enabling interrupts 
and signaling to the processor that an active interrupts exists 
within the chip. Interrupt flags are set in the Interrupt Flag 
Register (IFR) by conditions detected within the R6522 or on 
inputs to the R6522. These flags normally remain set until the 
interrupt has been serviced. To determine the source of an inter- 
rupt, the microprocessor must examine these flags in order, from 
highest to lowest priority. 

Associated with each interrupt flag is an interrupt enable bit in 
the Interrupt Enable Register (lER). This can be set or cleared 
by the processor to enable interrupting the processor from the 
corresponding interrupt flag. If an interrupt flag is set to a logic 1 
by an interrupting condition, and the corresponding interrupt ena - 
ble bit is s et to a 1, the Interrupt Request Output (IRQ) 
will go low. IRQ is an “open-collector” output which can be 
“wire-OR’ed” with other devices in the system to interrupt the 
processor. 

Interrupt Flag Register (IFR) 

In the R6522, all the interrupt flags are contained in one register, 
i.e., the IFR (Figure 29). In addition, bit 7 of this register will be 
read as a logic 1 when an interrupt exists within the chip. This 
allows very convenient polling of several devices within a sys- 
tem to locate the source of an interrupt. 

The Interrupt Flag Register (IFR) may be read directly by the proc- 
essor. In addition, individual flag bits may be cleared by writing 
a “1” into the appropriate bit of the IFR. When the proper chip 
select and register signals are applied to the chip, the contents 
of this registe r are placed on the data bus. Bit 7 indicates the 
status of the IRQ output. This bit corresponds to the logic 


function: IRQ = IFR6 x IER6 + IFRS x IER5 + IFR4 x IER4 
+ IFR3 X IER3 -f- IFR2 x IER2 + IFR1 x IER1 + IFRO x 
lERO. 

Note: 

X = logic AND, + = Logic OR. 

The IFR bit 7 is not a flag. Therefore, this bit is not directly cleared 
by writing a logic 1 into it. It can only be cleared by clearing all 
the flags in the register or by disabling all the active interrupts 
as discussed in the next section. 

Interrupt Enable Register (lER) 

For each interrupt flag in IFR, there is a corresponding bit in the 
Interrupt Enable Register (lER) (Figure 30). Individual bits in the 
lER can be set or cleared to facilitate controlling individual inter- 
rupts without affecting others. This is accomplished by writing 
to the (lER) after bit 7 set or cleared to, in turn, set or clear 
selected enable bits. If bit 7 of the data placed on the system 
data bus during this write operation is a 0, each 1 in bits 6 through 
0 clears the corresponding bit in the Interrupt Enable Register. 
For each zero in bits 6 through 0, the corresponding bit is 
unaffected. 

Selected bits in the lER can be set by writing to the lER with 
bit 7 In the data word set to a 1. In this case, each 1 in bits 6 
through 0 will set the corresponding bit. For each zero, the cor- 
responding bit will be unaffected. This individual control of the 
setting and clearing operations allows very convenient control 
of the Interrupts during system operation. 

In addition to setting and clearing lER bits, the contents of this 
register can be read at any time. Bit 7 will be read as a logic 1, 
however. 



Figure 29. Interrupt Flag Register (IFR) Figure 30. Interrupt Enable Register (lER) 
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PERIPHERAL INTERFACE CHARACTERISTICS 


Symbol 

Characteristic 

Min. 

Max. 

Unit 

Figure 

tp If 

Rise and Fall Time for CA1, CB1, CA2 and CB2 Input Signals 

- 

1.0 

fiS 

- 

tCA2 

Delay Time, Clock Negative Transition to CA2 Negative Transition (read handshake or 
pulse mode) 

— 

1.0 

fiS 

31a, 31b 

tpsi 

Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) 

- 

1.0 

MS 

3la 

^RS2 

Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) 

- 

2.0 

MS 

31b 

^WHS 

Delay Time, Clock Positive Transition to CA2 or CB2 Negative Transition 
(write handshake) 

0.05 

1.0 

MS 

31c, 31d 

'ds 

Delay Time, Peripheral Data Valid to CB2 Negative Transition 

0.20 

1.5 

ns 

31c, 31d 

tRS3 

Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse mode) 

- 

1.0 

MS 

31c 

tRS4 

Delay Time, CA1 or CB1 Active Transition to CA2 or CB2 Positive Transition 
(handshake mode) 

— 

2.0 

MS 

31d 

t2l 

Delay Time Required from CA2 Output to CA1 Active Transition (handshake mode) 

400 


ns 

31d 

^IL 

Setup Time, Peripheral Data Valid to CA1 or CB1 Active Transition (input latching) 

300 

_ 

ns 

31 e 


CA1, CB1 Setup Prior to Transition to Arm Latch 

300 


ns 

31e 

tpDH 

Peripheral Data Hold After CA1, CB1 Transition 

150 


ns 

3le 

^SRI 

Shift-Out Delay Time — Time from ^2 Falling Edge to CB2 Data Out 

- 

300 

ns 

31f 

tSR2 

Shift-In Setup Time — Time from CB2 Data In to (t>2 Rising Edge 

300 

- 

ns 

31g 

tSR3 

External Shift Clock (CB1) Setup Time Relative to <j>2 Trailing Edge 

100 

Toy 

ns 

3lg 

^IPW 

Pulse Width — PB6 Input Pulse 

2 X Tqy 

- 


31 i 

t|CW 

Pulse Width — CB1 Input Clock 

2 X Tqy 

- 


31h 

t|PS 

Pulse Spacing — PB6 Input Pulse 

2 X Tqy 

- 


31 i 

*ICS 



Pulse Spacing — CB1 Input Pulse 

2 X Tqy 

- 


31 h 
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PERIPHERAL INTERFACE WAVEFORMS 



Figure 31a. CA2 Timing for Read Handshake, Pulse Mode 



Figure 31b. CA2 Timing for Read Handshake, Handshake Mode 



Figure 31c. CA2, CB2 Timing for Write Handshake, Puise Mode 
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R6522 



Figure 31 d. CA2, CB2 Timing for Write Handshake, Handshake Mode 



Figure 31 e. Peripheral Data input Latching Timing 
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SHIFT DATA 
(OUTPUT) 


CB1 

SHIFT CLOCK 
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OUTPUT) 
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FALLING EDGE AFTER CB1 FALLING EDGE. 



Figure 31 f. Timing for Shift Out with Internal or External Shift Clocking 
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Figure 31 g. Timing for Shift in with Internal or External Shift Clocking 
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Figure 31 h. External Shift Clock Timing 


PB6 

PULSE COUNT 
INPUT 



t|PW 


COUNTER T2 
DECREMENTS 
HERE 


t|PS 


Figure 31 i. Pulse Count Input Timing 
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BUS TIMING CHARACTERISTICS 




R6522 (1 MHz) 

R6522A (2 MHz) 


Parameter 

Symbol 

Min. 1 Max. 

Min. 1 Max. 

Unit 


READ TIMING 


Cycle Time 

Tcy 

1 

10 

0.5 

10 

HS 

Address Set-Up Time 

Tacr 

180 

— 

90 

— 

ns 

Address Hold Time 

Tcar 

0 

— 

0 

— 

ns 

Peripheral Data Set-Up Time 

TpCR 

300 

— 

150 

— 

ns 

Data Bus Delay Time 

Tcdr 

— 

365 

— 

190 

ns 

Data Bus Hold Time 

Thr 

10 

— 

10 

- 

ns 


WRITE TIMING 


Cycle Time 

Tcy 

1 

10 

0.50 

10 

/*S 

02 Pulse Width 

Tc 

470 

— 

235 

— 

ns 

Address Set-Up Time 

Tacw 

180 

— 

90 

— 

ns 

Address Hold Time 

Tcaw 

0 

— 

0 

— 

ns 

R/W Set-Up Time 

Twcw 

180 

— 

90 

— 

ns 

R/W Hold Time 

Tcww 

0 

— 

0 

— 

ns 

Data Bus Set-Up Time 

^DCW 

200 

— 

90 

— 

ns 

Data Bus Hold Time 

Thw 

10 

— 

10 

— 

ns 

Peripheral Data Delay Time 

Tcpw 

— 

1.0 

— 

0.5 

flS 

Peripheral Data Delay Time 
to CMOS Levels 

Tcmos 

— 

2.0 

— 

1.0 

fiS 

Note: tR and tp = 10 to 30 ns. 
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BUS TIMING WAVEFORMS 



Read Timing Waveforms 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

-0.3 to +7.0 

Vdc 

Operating Temperature 
Commercial 

Industrial 

Ta 

0 to +70 
- 40 to + 85 

O 0 

O O 

Storage Temperature 

Tstg 

-55 to +150 

®C I 


•NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
other sections of this document is not implied. Exposure to abso- 
lute maximum rating conditions for extended periods may affect 
device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

8 

> 

5V ±5% 

Temperature Range 
Commercial 

T* 

0°C to 70°C 


DC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min. 

Typ.3 

Max. 

Unit 

Test Conditions 

Input High Voltage 

V,H 

2.4 

- 

Vcc 

V 


Input Low Voltage 

V,L 

-0.3 

— 

0.4 

V 


Input Leakage Current 

•in 

— 

±1 

±2.5 

liA 

V,N = OV to 5.25V 

R/W, RES, RSO, RSI, RS2, RS3, CSl, CS2, CA1, 02 






> 

o 

11 

o 

Input Leakage Current for Three-State Off 

•tsi 

_ 

±2 

±10 

^A 

V,M = 0.4V to 2.4V 

D0-D07 





Vcc = 5.25V 

Input High Current 

•iH 

-100 

-200 

— 

mA 

V,N = 2.4V 

PA0-PA7, CA2, PB0-PB7, CB1, CBS 






Vcc = 5.25V 

Input Low Current 

•iL 

— 

-0.9 

-1.8 

mA 

V,L = 0.4V 

PA0-PA7, CA2, PB0-PB7, CB1, CB2 






Vcc = 5.25V 

Output High Voltage 

VOH 


— 

— 


Vcc = 4.75V 

All outputs 


2.4 

— 

— 

V 

•load = - 100 /lA 

PB0-PB7, CB2 (Darlington Drive) 


1.5 

— 

— 

V 

•load = -1.0 mA 

Output Low Voltage 

VoL 

— 

— 

0.4 

V 

Vcc = 4.75V 
•load = 1.6 mA 

Output High Current (Sourcing) 

•oH 






Logic 


-100 

-1000 

— 

mA 

VoH = 2.4V 

PB0-PB7, CB2 (Darlington Drive) 


-1.0 

-2.5 

-10 

mA 

VoH = 1.5V 

Output Low Current (Sinking) 

•OL 

1.6 


- 

mA 

Vql = 0.4V 

Output Leakage Current (Off State) i 

•off 

— 

4 

±10 

aA 

VoH = 2.4V 

IRQ 






Vcc = 5.25V 

Power Dissipation 

Pd 

— 

450 

700 

mW 


Input Capacitance 

C|N 





Vcc = 5.0V 

R/W, RES, RSO, RS1, RS2. RS3, CSl, CS2, 

D0-D7, PA0-PA7, CA1, CA2, PB0-PB7 


— 


7 

pF 

V,N = OV 

CB1, CB2 


— 

— 

10 

PF 

f = 1 MHz 

02 Input 


— 

— 

20 

pF 

Ta = 25°C 

Output Capacitance 

Cqut 

— 

— 

10 

pF 


Notes: 







1 . All units are direct current (DC) except for capacitance. 






2. Negative sign indicates outward current flow, positive indicates inward flow. 





3. Typical values shown for Vcc = 5.0V and T^ = 25®C 
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R6532 

Rockwell 

RAM-I/O-Timer (RIOT) 


DESCRIPTION 

The R6532 RAM-I/O-Timer (RIOT) integrates random access 
memory (RAM), parallel I/O data ports and timer functions into 
a single peripheral device which operates in conjunction with 
any CPU in the R6500 microprocessor family. It is comprised 
of a 1 28 X 8 static RAM, two software-controlled, 8-bit bidirec- 
tional data ports allowing direct interfacing between the micro- 
computer and peripheral devices, a software programmable 
interval timer, with interrupt, capable of timing in various intervals 
from 1 to 262,144 clock periods, and a programmable edge-detect 
circuit. 


FEATURES 

• 1 28 X 8 static RAM 

• Two 8 bit bidirectional data ports 

• Programmable interval timer with interrupt capability 

• TTL & CMOS compatible peripheral lines 

• One port has direct transistor drive capability 

• Programmable edge-sensitive interrupt input 

• 8 bit bidirectional data bus 

• 6500/6800 bus compatible 

• 1 MHz and 2 MHz parts available 

• Single -(-5V power supply 


ORDERING INFORMATION 


Part Number: R6532^ 

L Temperature Range: 

Blank = 0°C to +70°C 
E = -40°C to +85°C 

Package; 

C = Ceramic DIP 
P = Plastic DIP 

Frequency: 

No Letter = 1 MHz 
A = 2 MHz 


VSS cz 

1 

40 

m A6 

A5 cz 

2 

39 

d ct>2 

A4 t= 

3 

38 

d CS1 

A3 C= 

4 

37 

d CS2 

A2 Cl 

S 

36 

d RS 

Ai c: 

6 

3S 

d R/W 

AO CZ 

7 

34 

d] RES 

PAO d 

8 

33 

d DO 

PA1 d 

9 

32 

d D1 

PA2 d 

10 

31 

d D2 

PA3 d 

11 

30 

d D3 

PA4 d 

12 

29 

dl D4 

PAS d 

13 

28 

d DS 

PA6 d 

14 

27 

d D6 

PA7 d 

1S 

26 

d D7 

PB7 d 

16 

2S 

d IRQ 

PB6 d 

17 

24 

dl PBO 

PBS d 

18 

23 

dl PB1 

PB4 d 

19 

22 

d] PB2 

vcc 

20 

21 

d PB3 

R6532 Pin Configuration 


Document No. 29000D42 


Data Sheet 


Order No. D42 
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INTERFACE SIGNALS 


RESET (RES) 

During system initialization, a low RES input causes a zeroing 
of all four I/O registers. This in turn causes all I/O buses to act 
as inputs thus protecting external components from possible 
damage and erroneous data while the system is being config- 
ured under software control. The Data Bus Buffers are put into 
an OFF-S TATE durin g Res et. Interrupt capability is disabled with 
the RES signal. The RES signal must be held low for at least 
two clock periods when reset is required. 

READ/WRITE (R/W) 

The R/W signal is supplied by the microprocessor and controls 
the transfer of data to and from the R6532. A high on the R/W 
pin allows the processor to read (with proper addressing) the 
data supplied by the R6532. A low on the R/W pin allows a write 
(with proper addressing) to the R6532. 

INTERRUPT REQUEST (IRQ) 

The IRQ pin is an interrupt pin from the interrupt control logic. 
The pin will be normally high with a low indicating an interrupt 
from the R6532. An external 3K pull-up resistor is required. The 
IRQ pin may be activated by a transition on PA7 or timeout of 
the interval timer. 

DATA BUS (D0-D7) 

The R6532 has eight bidirectional data pins (D0-D7). These pins 
connect to the system’s data lines and transfer data between the 
R6532 and the microprocessor data bus. The output buffers 
remain off, or tri-stated, except when the R6532 is selected for 
a Read operation. 


ADDRESS LINES (A0-A6) 

There are sev e n a ddress pins (A0-A6). In addition, there is the 
RAM SELECT (RS) pin. The pins A0-A6 and RS are always used 
as addressing pins. There are two additional pins which are used 
as CHIP SELECTS. They are pins CS1 and CS2. Tables 1 and 2 
identify the functions selected and registers addressed depending 
upon the address line and RS inputs in conjunction with the R/W 
level. 


I/O PORTS (PA0-PA7, PB0~PB7) 

The R6532 has 16 pins available for peripheral I/O operations. 
Each pin is individually software programmable to act as either 
an input or an output. The 16 pins are divided into two 8-bit 
ports, PA0-PA7 and PB0-PB7. (PA7 also has another use 
which is discussed later.) Each is set up as an input by writing 
a “0” into the corresponding bit of the data direction register. A 
“1” written into the data direction register causes its corre- 
sponding bit to be an output. When in the input mode, the 
peripheral output buffers are in the “1” state and the internal 
pull-up device acts as less than one TTL load to the peripheral 
data lines. On a Read operation, the microprocessor reads the 
peripheral pin. When the peripheral device gets information 
from the R6532 it receives data stored in the data register. The 
microprocessor reads valid pin information if the peripheral lines 
are greater than 2.0 volts for a "1” and less than 0.8 volt for a 
“0” as the peripheral pins are all TTL compatible. Pins PBO- 
PB7 are also capable of sourcing 3 ma at 1 .5V, thus making 
them capable of Darlington drive. 
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Table 1. Address Decoding 


Operation 

RS 


A4 

A3 

A2 

A1 

jjniiiQQniiim 

Write RAM 

0 

0 





_ 

— 


Read RAM 

0 

1 

— 

— 

— 



Write Output Reg A 

1 

0 

— 

— 

0 

0 

0 

Read Output Reg A 

1 

1 

— 

— 

0 

0 

0 

Write DORA 

1 

0 





0 

0 

■■nilll 

Read DORA 

1 

1 

— 

— 

0 

0 

IBHII 

Write Output Reg B 

1 

0 

_ 

_ 

0 

1 

0 

Read Output Reg B 

1 

1 


— 

0 

1 

0 

Write DDRB 

1 

0 




0 

1 

mmii 

Read DDRB 

1 

1 

— 

— 

0 

1 


Write Timer 







imiiiiiii 

-IT 

1 

0 

1 

(a) 

1 

0 


-8T 

1 

0 

1 

(a) 

1 

0 


-64T 

1 

0 

1 

(a) 

1 

1 


-1024T 

1 

0 

1 

(a) 

1 

1 

1 

Read Timer 

1 

1 


(a) 

1 

— 

0 

Read Interrupt Flag 

1 

1 

— 

— 

1 

— 

1 

Write Edge Detect Control 

1 


0 

_ 

1 

(b) 


Notes; 








— = Don’t Care, "1” = High level (^2.4V), “0” = Low level (<0.4V) 





(a) A3 = 0 to disable timer interrupt 


(c) AO = 0 for negative edge-detect 


A3 = 1 to enable timer interrupt 



AO = 1 for positive edge-detect 


(b) A1 = 0 to disable PA7 interrupt 







A1 = 1 to enable PA7 interrupt 








Table 2. Register Addressing 


Start 

Address + 

Register/Function 

Start 

Address + 

Register/Function 

$0 

DRA (‘A’ side data register) 

$7 

Write edge-detect control (positive edge-detece. 

$1 

DDRA (‘A’ side data direction register) 


enable interrupt) 

$2 

DRB (‘B’ side data register) 

$C 

Read timer (enable interrupt) 

$3 

DDRB (‘B’ side data direction register) 

$14 

Write timer (divide by 1, disable interrupt) 

$4 

Read timer (disable interrupt) 

$15 

Write timer (divide by 8, disable interrupt) 

$4 

Write edge-detect control (negative edge-detect, 

$16 

Write timer (divide by 64, disable interrupt) 


disable interrupt) 

$17 

Write timer (divide by 1024, disable interrupt) 

$5 

Read interrupt flag register (bit 7 = timer, bit 6 = 

$1C 

Write timer (divide by 1, enable interrupt) 


PA7 edge-detect) Clear PA7 flag 

$1D 

Write timer (divide by 8, enable interrupt) 

$5 

Write edge-detect control (positive edge-detect. 

$1E 

Write timer (divide by 64, enable interrupt) 

$6 

disable interrupt) 

Write edge-detect control (negative edge-detect, 
enable interrupt) 

$1F 

Write timer (divide by 1024, enable interrupt) 
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R6532 


RAM-I/O-Timer (RIOT) 


INTERNAL ORGANIZATION 

The R6532 is divided into four basic sections, RAM, I/O, Timer, 
and Interrupt Control. The RAM interfaces directly with the 
microprocessor through the system data bus and address lines. 
The I/O section consists of two 8-bit halves. Each half contains 
a Data Direction Register (DDR) and a Data Register (DR). 


RAM— 128 BYTES (1024 BITS) 

The 1 28 X 8 Read/Write Memory acts as a conventional static 
RAM and can be accesse d fro m the microprocessor by selecting 
the chip (CS1 = high, CS2 = low) and by setting RS low. 
Address lines AO through A6 then select the desired byte of 
storage. 


I/O PORTS AND REGISTERS 

The I/O Ports consist of eight lines which can be individually pro- 
grammed to act as either an input or an output. A logic zero in 
a bit of the Port A Data Direction Register (DDRA) causes the 
corresponding line of Port A to act as an input. A logic one 
causes the corresponding Port A line to act as an output. The 
voltage on any line programmed to be an output is determined 
by the corresponding bit in the Port A Data Register (DRA). 


Data is read directly from the data pins during any read oper- 
ation. For any output pin, the data transferred into the processor 
will be the same as that contained in the Data Register if the 
voltage on the pin is allowed to go to 2.4V for a logic one. Note 
that for input lines, the processor can write into the corre- 
sponding bit of the Data Register. This will not affect the polarity 
on the pin until the corresponding bit of DDRA is set to a logic 
one to allow the I/O line to act as an output. 

The operation of the Port B is exactly the same as the normal 
I/O operation of the Port A. Each of the eight lines can each be 
programmed to act as either an input or as an output by placing 
a 0 or a 1 into the Port B Data Direction register (DDRB). In the 
output mode, the voltage on a peripheral pin is controlled by the 
Port B Data Register (DRB). 



The primary difference between Port A and the Port B is in the 
operation of the output buffers which drive these pins. The Port 
B output buffers are push-pull devices which are capable of 
sourcing 3 ma at 1 .5V. This allows these pins to directly drive 
transistor switches. To assure that the microprocessor will read 
proper data on a “Read Port B” operation, logic in the R6532 
allows the microprocessor to read the Output Register instead 
of reading the peripheral pin as on Port A. 


PAO PA7 PBO PB7 

















R6532 


RAM-I/O-Timer (RIOT) 


EDGE DETECTING WITH PA7 

In addition to acting as a peripheral I/O line, the PA7 line can 
be used as an edge-detecting input. In this mode, an active tran- 
sition sets the internal interrupt flag (bit 6 of the Interrupt Flag 
register). Setting the interrupt flag causes IRQ output to go low 
if the PA7 interrupt has been enabled. 

Control of the PA7 edge detecting mode is accomplished by 
writing to one of four addresses. In this operation, AO con^trols 
the polarity of the active transition and A1 acts to enable or dis- 
able interrupting of the processor. The data which is placed on 
the Data Bus during this operation is discarded and has no 
effect on the control of PA7. 

The PA7 interrupt flag is set on an active transition, even if the 
pin is being used as a normal input or as a peripheral control 
output. The flag is also set by an acti ve tra nsition if the PA7 
interrupt is disabled. The reset signal (RES) disables the PA7 
interrupt and enables negative (high-to-low) edge detection on 
PA7. The PA7 edge detect logic can be set to detect either a 
positive or ne gative transition and to either enable or disable 
interrupt (IRQ) generation upon detection. 


During system initialization, the interrupt flag may inadvertently 
be set by an unexpected transition on the PA7. It is therefore 
recommended that the interrupt flag be cleared before enabling 
interrupting from PA7. To clear PA7 interrupt flag, simply read 
the interrupt Flag Register. 

INTERVAL TIMER 

The Timer section of the R6532 contains three basic parts: pre- 
liminary divide down register, programmable 8-bit register and 
interrupt logic. 

The Timer can be programmed to count up to 255 time intervals. 
Each time interval can be either 1 T, 8T, 64T or 1 024T incre- 
ments, where T is the system clock period. When a full count 
is reached, an interrupt flag is set to logic “1”. After the interrupt 
flag is set the internal clock begins counting down at the system 
clock rate to a maximum of -255T. Thus, after the interrupt flag 
is set, a Read of the timer will tell how long since the flag was 
set up to a maximum of 255T. 



Basic Elements of Interval Timer 




R6532 


RAM-I/O-Timer (RIOT) 


INTERVAL TIMER EXAMPLE 

The 8-bit microprocessor data bus transfers data to and from 
the Timer. If a count of 52 time intervals were to be counted, 
the pattern 001 10100 would be put on the data bus and 
written into the divide by 1 Timer register. 


At the same time that data is being written to the Timer, the 
counting intervals of 1, 8,64, 1024T are decoded from address 
lines AO and A1. During a Read or Write Operation addres s line 
A3 controls the inter rupt enable, i.e., A3 = 1 enables IRQ, 
A3 = 0 disables IRQ. When the time is read prior to the inter- 
rupt flag being set, the number of time intervals remaining will 
be read, i.e., 51, 50, 49, etc. 


When the Timer has counted through 0 0 0 0 0 0 0 0 on the 
next count time an interrupt will occur and the counter will read 
11111111. After the interrupt flag is set, the timer reg- 
ister decrements at a divide by “1” rate of the system clock. If 
the timer is read after the interrupt flag is set and a value of 
1 1 1 0 0 1 0 0 is read, the time since interrupt is 27T. The 
value read is in two’s complement, but remember that interrupt 
occurred on count number one. Therefore, we must subtract 1. 


Value read =1110 0 10 0 
Complement = 0 0 0 1 1 0 1 1 

ADD 1 =00011100= 28 Equals two’s com- 

plement of register 

SUB 1 =00011011= 27 


Thus, to arrive at the total elapsed time, merely do a two’s com- 
plement add to the original time written into the timer. Again, 
assume time written as 0 0 1 1 0 1 0 0 (=52). With a divide 
by 8, total time to interrupt is (52 x 8) + 1 = 41 7T. Total elapsed 
time would be 41 6T + 27T = 443T, assuming the value read 
after interrupt was 1 1 1 0 0 1 0 0. 

The interrupt flag will be reset whenever the Timer is accessed 
by a read or a write. However, the reading of the timer at the 
same time the interrupt occurs will not reset the interrupt flag. 
When the interrupt flags are read (D7 for the timer, D6 for the 
edge detect) data bus lines D0-D5 go to 0. 

When reading the timer after an interrupt, A3 should be low so 
as to disable the IRQ pin. This is done so as to avoid future 
interrupts until after another Write timer operation. 
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AC CHARACTERISTICS 




R6532 

R6532A 




(1 MHz) 

(2 MHz) 


Characteristic 

Symbol 

Min 

Max 

Min 

Max 

Unit 

Clock Cycle Time 

Tcyc 

1 

10 

0.5 

10 

fXS 

Clock Pulse Width 

To 

470 

— 

240 

- 

ns 

Rise & Fall Times 

Tr.Tf 

- 

25 

- 

15 

ns 


READ TIMING 


Address Set Up Time 

Tacr 

180 

— 

90 

- 

ns 

Address Hold Time 

Tcar 

0 

— 

0 

- 

ns 

RAA/ Set Up Time 

Twcr 

180 

— 

90 

- 

ns 

Data Bus Delay Time 

Tcdr 

- 

395 

- 

190 

n 

Data Bus Hold Time 

Trr 

10 

— 

10 

- 

ns 

Peripheral Data Set Up Time 

TpCR 

300 

- 

150 

- 

ns 


WRITE TIMING 


02 Cycle Time 

Tcyc 

1 

10 

0.5 

10 

fxS 

02 Pulse Width 

Tc 

470 

- 

240 

- 

ns 

Address Set Up Time 

Tacw 

180 

— 

90 

- 

ns 

Address Hold Time 

Tcah 

0 

- 

0 

- 

ns 

R/W Set Up Time 

Twcw 

180 

- 

90 

- 

ns 

R/W Hold Time 

Tcwh 

0 

— 

0 

- 

ns 

Data Bus Set-Up Time 

Tdcw 

300 

- 

150 

- 

ns 

Data Bus Hold Time 

Trw 

10 


10 

- 

ns 

Peripheral Data Delay Time 

Tcfw 

- 

1 

— 

0.5 

/xS 

Peripheral Data Delay Time CMOS 

Tcmos 

- 

2 

- 

1 

fXS 
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MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

V,N 

-0.3 to +7.0 

Vdc 

Operating Temperature 

Ta 



Commercial 


0 to +70 

°C 

Industrial 


-40 to +85 

°C 

Storage Temperature 

Tstg 

-55 to + 150 

°C 


‘NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
other sections of this document is not implied. Exposure to abso- 
lute maximum rating conditions for extended periods may affect 
device reliability. 


DC CHARACTERISTICS 

(Vcc = 5.0 ±5%, Ta = Tl to Th unless otherwise noted) 


Parameter 

Symbol 

Min 

Max 

Unit<^> 

Test Conditions 

Input High Voltage 

V,H 

2.4 

Vcc 

V 


Input Low Voltage 

V,u 

0 

0.4 

V 


Input Leakage Current: 

l|N 

— 

2.5 

p,A 

V,N = 5.25V 

A0-A6, RS, R/W, RES, 02, CS1,CS2 





Vcc = OV 

Input Leakage Current for Three-State Off 

Ijsi 

_ 

±10 

^JLA 

V,N = 0.4V to 2.4V 

D0-D7 






Input High Current 

I.H 

-100 

— 

jjlA 

V,H = 2.4V 

PA0-PA7, PB0-PB7 






Input Low Current 

IlL 

_ 

-1.6 

mA 

V,N = 0.4V 

PA0-PA7, PB0-PB7 






Output High Voltage 

VoH 



V 

Vcc = 4.75V 

PA0-PA7, PB0-PB7 (TTL drive), D0-D7 


2.4 

— 


Load = -100 fj.A 

PB0-PB7 (other than TTL drive, e.g., Darlington) 


1.5 

— 


Load — 3 rnA 

Output Low Voltage 

VoL 



V 

Vcc = 4.75V 

D0-D7 


— 

0.4 


Load =1-6 mA 

Output High Current (Sourcing) 

loH 





PA0-PA7, PB0-PB7 (TTL drive), D0-D7 


-100 

— 

^.A 

VoH = 2.4V 

PB0-PB7 (other drive, e.g., Darlington) 


-3.0 


mA 

VoH = 1.5V 

Output Low Current (Sinking) I 

loL 

1.6 

_ 

mA 

VoL = 0.4V 

PA0-PA7, PB0-PB7 






Input Capacitance 

02 

CcLK 



30 

PF 

Vcc = 5.0V 

V,N = OV 
f = 1 MHz 

Other 

C,N 

— 

10 

PF 

Output Capacitance 

CoUT 

- 

10 

pF 

Ta = 25°C 

Power Dissipation 

Pd 

- 

1000 

mW 

Ta = O^C 


Notes: 

1. All units are direct current (DC). 

2. Negative sign indicates outward current fiow, positive indicates inward flow. 
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R6545/R6545E 

Rockwell 

CRT Controller (CRTC) 


DESCRIPTION 

The R6545/R6545E CRT Controller (CRTC) interfaces an 8-bit 
microprocessor to CRT raster scan video displays, and adds an 
advanced CRT controller to the established and expanding line 
of R6500, R6500/* and R65C00 microprocessor, microcomputer 
and peripheral device products. 

The R6545 and R6545E devices differ only in the character clock 
frequency (CCLK) specifications. The maximum CCLK frequency 
is 2.5 MHz for the R6545 and 3.7 MHz for the R6545E. Through- 
out this document, the nomenclature R6545 applies to both 
devices, unless specified otherwise. 

The R6545 provides refresh memory addresses and character 
generator row addresses which allow up to 16K characters with 
32 scan lines per character to be addressed. A major advan- 
tage of the R6545 is that the refresh memory may be addressed 
in either straight binary or by row/column. 

Other functions in the R6545 include an internal cursor register 
which generates a cursor output when its contents are equal 
to the current refresh address. Programmable cursor start and 
end registers allow a cursor of up to the full character scan in 
height to be placed on any scan lines of the character. Variable 
cursor display blink rates are provided. A light pen strobe Input 
allows capture of the current refresh address in an Internal light 
pen register. The refresh address lines are configured to pro- 
vide direct dynamic memory refresh. 

All timing for the video refresh memory signals Is derived from 
the character clock input (CCLK). Shift register, latch, and mul- 
tiplex control signals (when needed) are provided by external 
high-speed timing. The mode control register allows noninter- 
laced video display modes at 50 or 60 Hz refresh rate. The 
internal status regi ster may be used to monitor the R6545 
operation. The RES input allows the CRTC-generated field rate 
to be dynamically-synchronized with line frequency jitter. 


FEATURES 

• Compatible with 8-bit microprocessors 

• 3.7 MHz character clock operation (R6545E) 

• 2.5 MHz character clock operation (R6545) 

• Refresh RAM may be configured in row/column or straight 
binary addressing 

• Alphanumeric and limited graphics capability 

• Up and down scrolling by page, line, or character 

• Programmable vertical sync width 

• Fully programmable display (rows, columns, character matrix) 

• Video display RAM may be configured as part of micro- 
processor memory field or independently slaved to R6545 
(Transparent Addressing) 

• Interlaced or non-interlaced scan 

• 50/60 Hz refresh rate 

• Fully programmable cursor 

• Light pen register 

• Addresses refresh RAM to 16K characters 

• No external DMA required 

• Internal status register 

• 40-pin ceramic or plastic DIP 

• Pin-compatible with MC6845R 

• Single -t- 5 ± 5% Vdc power supply 

ORDERING INFORMATION 


Part Number: 

R6545 

^Operating Temperature (Tl to Th) 

No Letters = 0®C to 70®C 

E = -40°C to 85°C 

Package 

P = 40-Pin Plastic DIP 

C = 40-Pin Ceramic DIP 

j = 44-Pin Plastic Leaded Chip Carrier (PLCC) 

Operating Frequency (Bus) 

No Letter = 1 MHz 
A = 2 MHz 

Character Clock Frequency (CCLK) 

No Letter = 2.5 MHz 
E = 3.7 MHz 


Document No. 29001 D35 


Data Sheet 


Order No. D135 
Rev. 2, June 1987 
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INTERFACE SIGNAL DESCRIPTION 

Figure 1 illustrates the interface between the CPU, the R6545, 
and the video circuitry. Figure 2 shows typical timing waveforms 
at the video interface. 



Figure 1. R6545 Interface Diagram 


CPU INTERFACE 
02 (Phase 2 Clock) 

The Phase 2 (02) input clock triggers all data transfers between 
the system processor (CPU) and the R6545. Since there is no 
maximum limit to the allowable 02 clock time, it is not neces- 
sary for it to be a continuous clock. This capability permits the 
R6545 to be easily interfaced to non-6500 compatible 
microprocessors. 

R/W (Read/Write) 

The R/W input signal generated by the proce^or controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the R6545, a low on the 
R/W pin allows data on data lines D0-D7 to be written into 
the R6545. 

^ (Chip Select) 

The Chip Select input is normally connected to the processor 
address bus either directly or through a decoder. The R6545 
is selected when CS is low. Then, data may be written to,_or 
read from, the R6545 depending on the state of RS and R/W. 

RS (Register Select) 

The Register Select input allows access to internal registers. A 
low on this pin permits_writing (R/W = low) into the Address 
Register and reading (R/W = high) from the Status Register. The 
Address Register selects the register accessed when RS is high. 

D0-D7 (Data Bus) 

The eight data lines (D0-D7) transfer data between the proces- 
sor and the R6545. These lines are bidirectional and are nor- 
mally high-impedance except during read cycles when the chip 
is selected (CS = low). 


VIDEO INTERFACE 
HSYNC (Horizontal Sync) 

The HSYNC active-high output signal determines the start of 
the horizontal raster line. It may drive a CRT monitor directly 
or may be used for composite video generation. HSYNC time 
position and width are fully programmable. 


VSYNC (Vertical Sync) 

The VSYNC active-high output signal determines the start of 
the vertical frame. Like HSYNC, VSYNC may drive a CRT 
monitor or composite video generation circuits. VSYNC time 
position and width are both programmable. 


DISPLAY ENABLE (Display Enable) 

The DISPLAY ENABLE active-high output signal indicates when 
the R6545 is generating active display information. The number 
of horizontal display characters per row and the number of 
vertical display rows are both fully programmable and together 
generate the DISPLAY ENABLE signal. DISPLAY ENABLE may 
be delayed one character time by setting bit 4 of R8 to a 1. 


CURSOR (Cursor Coincidence) 

The CURSOR active-high output signal indicates when the scan 
coincides with the programmed cursor position. The cursor 
position is programmable to any character in the address field. 
Furthermore, within the character, the cursor may be pro- 
grammed to be any block of scan lines, since the cursor start 
scan line and end scan line are both programmable. The cur- 
sor output may be delayed by one character time by setting Bit 5 
of R8 to a 1 . 


LPEN (Light Pen Strobe) 

The LPEN edge-sensitive input signal loads the internal Light 
Pen Register. A low-to-high transition activates LPEN. 


CCLK (Clock) 

The CCLK character timing clock input signal is the time base 
for all internal count/control functions. 


RES 

The RES active-low i nput signal initializes all internal scan 
counter circuits. When RES is low, all internal counters stop and 
clear and all s can a nd video outputs go low; control registers 
are unaffected. RES must stay low f or at least one CCLK p eriod. 
All scan timing initiates when RES goes high. In this way, RES 
can synchronize display frame timing with line frequency. RES 
may also synchronize multiple CRTC’s in horizontal and/or 
vertical split screen operation. 
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REFRESH RAM AND CHARACTER ROM 
INTERFACE 

MA0-MA13 (Refresh RAM Address Lines) 

These 14 active-high output signals address the refresh RAM 
for character storage and display operations. The starting scan 
address is fully programmable and the ending scan address is 
determined by the total number of characters displayed, which 
is also programmable, in terms of characters/line and lines/frame. 

There are two selectable address modes for MA0-MA13; 

In the straight binary mode (R8, Mode Control, bit 2 = 0), 
characters are stored in successive memory locations. Thus, the 
software design must translate row and column character coor- 
dinates into sequentially-numbered addresses for Refresh 
memory operations. 

In the row/column mode (R8, Mode Control, bit 2 = 1), MAG- 
MA? become column addresses CC0-CC7 and MA8-MA13 


become row address CR0-CR5. In this case, the software 
manipulates characters in terms of row and column locations, 
but additional address compression circuits are needed to con- 
vert the CC0-CC7 and CR0-CR5 addresses into a memory- 
efficient binary address scheme. 


RA0-RA4 (Raster Address Lines) 

These five active-high output signals select each raster scan 
within an individual character row. The number of raster scan 
lines Is programmable and determines the character height, in- 
cluding spaces between character rows. 

The high-order line, RA4, is unique in that it can also function 
as a strobe output pin when the R6545 is programmed to oper- 
ate in the “Transparent Address Mode.” In this case the strobe 
is an active-high output and is true at the time the Refresh RAM 
updates address gates on to the address lines, MA0-MA13. In 
this way, updates and readouts of the Refresh RAM can be made 
under control of the R6545 with only a small amount of external 
circuitry. 


1 COMPLETE FIELD (VERTICAL TOTAL) 


VERTICAL DISPLAYED 


DISPLAY 

ENABLE 


1 COMPLETE SCAN LINE (HORIZONTAL TOTAL) 
HORIZONTAL DISPLAYED I 




DISPLAY 

ENABLE 



Figure 2. Vertical and Horizontal Timing 
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INTERNAL REGISTER DESCRIPTION 

Table 1 summarizes the internal registers and indicates their 
address selection and read/write capabilities. 

ADDRESS REGISTER 


7 

6 

5 

4 

3 

2 

1 

0 

— 

- 

- 

A 4 

A 3 

Ag 

Ai 

Aq 


This 5-bit write-only register is used as a “pointer” to direct 
CRTC/CPU data transfers within the CRTC. It contains the 
number of the desired register (0-31). When RS is low, this 
register may be loaded; when RS is high, the selected register 
Is the one whose identity is stored in this address register. 


STATUS REGISTER (SR) 


7 

6 

5 


3 

2 

1 

0 

UR 

LRF 

VRT 

1 

_ 

— 

- 

- 


This 3-bit register contains the status of the CRTC. 


SR 

7 UR —Update Ready 

0 Register R31 has been either read or written by the 
CPU. 

1 An update strobe has occurred. 

SR 

6 LRF -LPEN Register Full 

0 Register R16 or R17 has been read by the CPU. 

1 LPEN strobe has been received. 

SR 

5 VRT —Vertical Re-Trace 

0 Scan is not currently in the vertical re-trace time. 

1 Scan is currently in its vertical re-trace time. 

NOTE: This bit goes to a 1 when vertical re-trace 
starts. It goes to a 0 five character clock times before 
vertical re-trace ends to ensure that critical timings 
for refresh RAM operations are met, 

SR 

4-0 —Not used. 


Table 1. Internal Register Summary 



RS 

Address Reg. 

Reg. 

No. 

Register Name 

Stored Info. 

RD 

WR 

Register Bit 

4 

3 


1 

0 

7 

6 

5 

4 

3 

2 

1 

0 

1 

- 

— 

— 


— 

— 

— 













0 

0 

- 

— 



— 

_ 

— 

Address Reg. 

Reg. No. 






A 4 

A 3 

A 2 

Ai 

Ao 

0 

0 

- 

- 

— 

— 

:d 

- 

Status Reg. 




UR 

LRF 

VRT 






0 

1 

0 

0 

0 

0 

Q 

RO 

Horiz. Total 

# Charac. - 1 



• 

• 

• 


• 


• 

• 

0 

1 

0 

0 

0 

0 

1 

R1 

Horiz. Displayed 

# Charac. 



• 

• 

• 

• 

• 

• 

• 

• 

0 

1 

0 

0 

0 

1 

0 

R2 

Horiz. Sync Position 

# Charac. 



• 

• 

• 

• 

• 

• 

• 

• 

0 

1 

0 

0 

0 

1 


R3 

VSYNC, HSYNC Widths 

# Scan Lines and 

# Char. Times 



V 3 

— 

V 2 

Vi 

Vo 

H 3 

H 2 


Ho 

0 

1 

0 

0 

1 

0 

0 

R4 

Vert. Total 

# Charac. Row - 1 




• 

• 

• 

• 

• 

• 

• 

0 

1 

0 

0 


0 

1 

R5 

Vert. Total Adjust 

# Scan Lines 






• 

• 

• 

• 

• 

0 

1 

0 

0 

1 

1 

0 

R 6 

Vert. Displayed 

# Charac. Rows 




• 

. 


• 

• 

• 

• 

0 

1 

0 

0 

1 

1 

1 

R7 

Vert. Sync Position 

# Charac. Rows 




• 



e 

• 

• 

• 

0 

1 

0 

1 

0 

0 

0 

R 8 

Mode Control 




UM 

US 

CSK 

DES 

RRA 

RAD 

IMC 

0 

1 

0 

1 

0 

0 

1 

R9 

Scan Lines 

# Scan Lines - 1 






• 

• 

• 

• 

• 

0 

1 

0 

1 

0 

1 

0 

RIO 

Cursor Start 

Scan Line No. 





Bo 

• 

• 

• 

• 

• 

0 

1 

0 

1 

0 

1 

1 

R11 

Cursor End 

Scan Line No. 






• 

• 

• 

• 

• 

0 

1 

0 

1 

1 

0 

0 

R12 

Display Start Addr (H) 






• 

• 

• 

• 

• 

• 

0 

1 

0 

1 

1 

0 

1 

R13 

Display Start Addr (L) 




• 

• 

• 

• 

• 

• 

• 

• 

0 

1 

0 

1 

1 

1 

0 

R14 

Cursor Position (H) 






• 

e 

• 

• 

• 

• 

0 

1 

0 

1 

1 

1 

1 

R15 

Cursor Position (L) 




• 

• 

• 

• 

• 

• 

• 

• 

0 

1 

1 

0 


0 

0 

R16 

Light Pen Reg (H) 






• 

• 

• 

• 


• 

0 

1 

1 

0 


0 

I] 

R17 

Light Pen Reg (L) 




• 

• 

• 


• 

• 

• 

• 

0 

1 

Jj 

0 

0 

1 

0 

R18 

Update Address Reg (H) 






• 




• 

• 

0 

1 

1 

0 

0 

1 

1 

R19 

Update Address Reg (L) 




• 

• 

• 


• 


• 

• 

0 

1 

1 

1 

1 

—I 

1 

R31 

Dummy Location 













Notes: 0 Designates used bit in register 

HI Designates unused bit in register. Reading this bit is always 0 , except for R31 , which does not drive the data bus. 
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R6545/R6545E 


CRT Controller (CRTC) 


RO— HORIZONTAL TOTAL CHARACTERS 


7 

6 

5 

4 1 3 

2 1 1 1 0 

NUMBER OF CHARACTERS - 1 | 


This 8-bit write-only register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. This 
register determines the frequency of HSYNC. 


R1— HORIZONTAL DISPLAYED CHARACTERS 

7|6|5|4|3|2|i|o 
NUMBER OF CHARACTERS 


This 8-bit write-only register contains the number of displayed 
characters per horizontal line. 

R2— HORIZONTAL SYNC POSITION 


7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
HORIZONTAL SYNC POSITION 


This 8-bit write-only register contains the position of HSYNC on 
the horizontal line, in terms of the character location number 
on the line. The position of the HSYNC determines the left to 
right location of the displayed text on the video screen. In this 
way, the side margins are adjusted. 


R3— HORIZONTAL AND VERTICAL SYNC WIDTHS 


7 

6 

5 

4 

3 

2 

1 

0 

V 3 

V 2 

Vi 

Vo 

H 3 

H 2 

Hi 

Ho 


This 8-bit write-only register contains the widths of both HSYNC 
and VSYNC as follows: 


HVSW 

7-4 VSYNC Pulse Width 

The width of the vertical sync pulse (VSYNC) 
expressed as the number of scan lines. When bits 
4-7 are all 0, VSYNC is 16 scan lines wide. 

HVSW 

3-0 HSYNC Pulse Width 

The width of the horizontal sync pulse (HSYNC) 
expressed as the number of character clock times 
(CCLK). When bits 0-3 are all zero, HSYNC is 16 bit 
times wide. 

Control of these parameters allows the R6545 to interface with 
a variety of CRT monitors, since the HSYNC and VSYNC tim- 
ing signals may be accommodated without the use of external 
one shot timing. 


R4— VERTICAL TOTAL ROWS 


7 

6 

5 

4 

3 1 2 1 

1 

0 

- 

NO. OF CHAR. ROWS - 1 | 


The 7-bit Vertical Total Register contains the total number of 
character rows in a frame, minus one. This register, along with 
R5, determines the overall frame rate, which should be close 


to the line frequency to ensure flicker-free appearance. If the 
frame time is ad justed to be longer than the period of the line 
frequency, then RES may provide absolute synchronism. 


R5— VERTICAL TOTAL LINE ADJUST 


7 

6 

5 

I I a 

2 I 1 

0 I 

- 

- 

- 

I SCAN LINES I 


The 5-bit write-only Vertical Total Line Adjust Register (R5) con- 
tains the number of additional scan lines needed to complete 
an entire frame scan and is intended as a fine adjustment for 
the video frame time. 


R6— VERTICAL DISPLAYED ROWS 


7 

I ^ 

5 

I ^ 

I 3 

2 

1 

0 1 

- 

I DISPLAYED CHAR. ROWS | 


This 7-blt write-only register contains the number of displayed 
character rows in each frame. This determines the vertical size 
of the displayed text. 


R7— VERTICAL SYNC POSITION 


7 

6 1 5 

4 1 3 1 2 1 1 

0 

- 

VERTICAL POSITION | 


This 7-bit write-only register selects the character row time at 
which the vertical SYNC pulse occurs and, thus, positions the 
displayed text in the vertical direction. 


R8— MODE CONTROL (MC) 


7 

6 

5 

4 

3 

2 

1 I 0 

UM(7) 

US(T) 

CSK 

DES 

RRA 

RAD 

IMC 


This 8-bit write-only register selects the operating modes of the 
R6545, as follows: 

MC 

7 UM(T)— Update/Read Mode (Transparent Mode) 

0 Update occurs during horizontal and vertical blank- 
ing times with update strobe. 

1 Update interleaves during 02 portion of cycle. 

MC 

6 US(T)— Update Strobe (Transparent Mode) 

0 Pin 34 functions as memory address (RA4). 

1 Pin 34 functions as update strobe (STB). 

MC 

5 CSK —Cursor Skew 

0 No delay. 

1 Delays Cursor one character time. 

MC 

4 DES —Display Enable Skew 

0 No delay. 

1 Display Enable delays one character time. 
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R6545 


CRT Controller (CRTC) 


MC 

3 RRA —Refresh RAM Access 

0 Shared memory access 

1 Transparent memory access 

MC 

2 RAD —Refresh RAM Addressing Mode 

0 Straight binary addressing 

1 Row/column addressing 


These registers together form a 14-bit register whose contents 
are the memory address of the first character to be displayed 
(the character on the top left of the video display, as in Figure 4). 
Subsequent memory addresses are generated by the R6545 as 
a result of CCLK Input pulses. Scrolling of the display Is accom- 
plished by changing R12 and R13 to the memory address of 
the first character of the first line of text to be displayed. Entire 
pages of text may be scrolled or changed as well via R12 and 
R13. 


MC1-MC0 IMC —Interlace Mode Control 
MC MC 

1 0 Operation 

X 0 Non-interlace 

0 1 Interlace SYNC raster scan 

1 1 Interlace SYNC and video raster scan 


R9-ROW SCAN LINES 


7 

6 

5 

4 1 3 

2 

1 

0 

- 

- 

— 

SCAN LINES - 1 1 


This 5-bit write-only register contains the number of scan lines, 
minus one, per character row, including spacing. 

R10-CURSOR START LINE 


7 

6 

5 

4 

3 1 2 

1 

0 

- 


Bq 

START SCAN LINE | 


R11 -CURSOR END LINE 


7 

6 

5 

4 

3 I 2 

1 

0 

- 

— 

— 

END SCAN LINE | 


These 5-bit write-only registers select the starting and ending 
scan lines for the cursor. In addition, bits 5 and 6 of RIO are 
used to select the cursor blink mode, as follows; 


Bi 

Bo 

Cursor Operating Mode 

0 

0 

Display Cursor Continuously 

0 

1 

Blank Cursor 

1 

0 

Blink cursor at 1/16 Field Rate 

1 

1 

Blink Cursor at 1/32 Field Rate 


A one character wide cursor can be controlled by storing values 
into the Cursor Start Line (RIO) and Cursor End Line (R11) 
registers and into the Cursor Position Address High (R14) and 
Cursor Position Low (R15) registers. 


R1 2-DISPLAY START ADDRESS HIGH 


7 

6 

5 I 4 

I 3 

L I 

I 1 

rn 

- 

- 

DISPLAY START ADDRESS HIGH | 


R1 3-DISPLAY START ADDRESS LOW 

yje 5|4|3|2|i|o 
DISPLAY START ADDRESS LOW 


R14— CURSOR POSITION HIGH 


7 

6 

5 

4 

3 1 2 1 1 


- 

- 

CURSOR POSITION HIGH | 


R1 5— CURSOR POSITION LOW 


7 1 6 1 5 1 4 

3 

2 

1 1 0 

CURSOR POSITION LOW | 


These registers together form a 14-bit register whose contents 
are the memory address of the current cursor position. When 
the video display scan counter (MA lines) matches the contents 
of this register, and when the scan line counter (RA lines) falls 
within the bounds set by RIO and R1 1 , then the CURSOR out- 
put becomes active. Bit 5 of the Mode Control Register (R8) may 
be used to delay the CURSOR output by a full CCLK time to 
accommodate slow access memories. 

The cursor is positioned on the screen by loading the Cursor 
Position Address High (R14) and Cursor Position Address Low 
(R15) registers with the desired refresh RAM address. The cursor 
can be positioned in any of the 16K character positions. Hard- 
ware paging and data scrolling is thus allowed without loss of 
cursor position. Figure 3 is an example of several cursor options. 


UNDERLINE 

CURSOR 

0- l - l I — 

1 

2- -H < H — 
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10 

11 
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LINE = 9 

CURSOR END 
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LINE = 9 


















; ; 






H 










1 j 




i u 







M 

i4 


U 


H ^ 




2 





2 

2 

rf 

H r-^ 


H 




H 














Figure 3. Cursor Display Scan Line Control Examples 
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R6545/R6545E 


CRT Controller (CRTC) 


R16— LIGHT PEN HIGH 


R1 7— LIGHT PEN LOW 


3 I 2 
LPEN HIGH 


These registers together comprise a 14-bit register whose con- 
tents are the memory address at which the next read or update 
will occur (for transparent address mode only). Whenever a 
read/update occurs, the update location automatically incre- 
ments to allow for fast updates or readouts of consecutive 
character locations. The section on REFRESH RAM ADDRESS- 
ING describes this more fully. 


R31— DUMMY LOCATION 


These registers together form a 14-bit register whose contents 
are the light pen strobe position, in terms of the video display 
address at which the strobe occurred. When the LPEN input 
changes from low to high, then, on the next negative-going edge 
of CCLK, the contents of the internal scan counter is stored in 
registers R16 and R17. 

R18— UPDATE ADDRESS HIGH 


7 

6 

5 1 4 1 3 1 2 

1 1 0 

- 

- 

UPDATE ADDRESS HIGH | 


R19— UPDATE ADDRESS LOW 

7 I 6 I 5 I 4 I 3 I 2 
UPDATE ADDRESS LOW 


7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

- 

- 


This register does not store any data, but is required to detect 
transparent addressing updates. This is necessary to increment 
the Update Address Register and to set the Update Ready bit 
in the status register. 

REGISTER FORMATS 

Register pairs R12/R13, R14/R15, R16/R17, and R18/R19 are 
formatted in one of two ways: 

(1) Straight binary, if register R8, bit 2 = 0 

(2) Row/Column, if register R8, bit 2 = 1. In this case the low 
byte is the Character Column and the high byte is the 
Character Row. 


NUMBER OF HORIZONTAL TOTAL CHARACTERS (RO + 1) 


NUMBER OF HORIZONTAL DISPLAYED CHARACTERS (R1) 

A 

^ DISPLAY START ADDRESS HIGH (R12) 

DISPLAY START ADDRESS LOW (R13) 


) NUMBER OF 
• SCAN LINES (R9) 

^ CURSOR START LINE (RIO) 
'“CURSOR END LINE (R11) 


NUMBER OF 
VERTICAL 
TOTAL -< 
ROWS 
(R4 + 1) 


NUMBER OF 
VERTICAL 
DISPLAY ^ 
ROWS 
(R6) 


CURSOR POSITION ADDRESS HIGH (R14) 
CURSOR POSITION ADDRESS LOW (R15) 


DISPLAY PERIOD 


HORIZONTAL 

RETRACE 

PERIOD 

(NON-DISPLAY) 


VERTICAL 
TOTAL 
ADJUST (R5) 


VERTICAL RETRACE PERIOD 
(NON-DISPLAY) 


Figure 4. Video Display Format 
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R6545 


CRT Controller (CRTC) 


DESCRIPTION OF OPERATION 

VIDEO DISPLAY 

Figure 4 indicates the relationship of the various program reg- 
isters in the R6545 and the resulant video display. 

Non-displayed areas of the Video Display are for horizontal and 
vertical retrace functions of the CRT monitor. The horizontal and 
vertical sync signals, HSYNC and VSYNC, are programmed to 
occur during these intervals and trigger the retrace in the CRT 
monitor. The pulse widths are constrained by the monitor require- 
ments. The time position of the pulses may be adjusted to vary 
the display margins (left, right, top, and bottom). 

REFRESH RAM ADDRESSING 

There are two modes of addressing for the video display memory: 


Shared Memory Mode (R8, BIT 3 = 0) 

In this mode, the Refresh RAM address lines (MA0-MA13) 
directly reflect the contents of the internal refresh scan charac- 
ter counter. Multiplex control, to permit addressing and selec- 
tion of the RAM by both the CPU and the CRTC, must be 
provided externally to the CRTC. In the Row/Column address 
mode, lines MA0-MA7 become character column addresses 
{CC0-CC7) and MA8-MA13 become character row addresses 
(CR0-CR5). Figure 5 illustrates the system configuration. 

Transparent Memory Addressing (R8, BIT 3 = 1) 

For this mode, the display RAM is not directly accessible by the 
CPU, but is controlled entirely by the R6545. All CPU accesses 
are made via the R6545 and a small amount of external cir- 
cuitry. Figure 6 shows the system configuration for this ap- 
proach. 



Figure 5. Shared Memory System Configuration 



Figure 6. Transparent Memory Addressing System Configuration 

(Data Hold Latch Needed for Horizontal/Vertical Blanking Updates, Only). 
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R6545/R6545E 


CRT Controller (CRTC) 


ADDRESSING MODES 

Figure 7 illustrates the address sequence for both modes of the 
Refresh RAM address. 

Row/Column 

In this mode, the CRTC address lines (MA0-MA13) generate 
8 column (MA0-MA7) and 6 row (MA8-MA13) addresses. Extra 
hardware Is needed to compress this addressing into a straight 
binary sequence in order to conserve memory in the refresh RAM 
(register R8, bit 2 Is a 1). 

Binary 

In this mode, the CRTC address lines are straight binary and 
no compression circuits are needed. However, software com- 
plexity increases since the CRT characters cannot be stored in 
terms of their row and column locations, but must be sequen- 
tial (register R8, bit 2 is a 0). 

USE OF DYNAMIC RAM FOR REFRESH MEMORY 

The R6545 permits use of dynamic RAMS as storage devices 
for the Refresh RAM by continuing to increment memory 
addresses in the non-display intervals of the scan. This is a 


viable technique, since the Display Enable signal controls the 
actual video display blanking. Figure 7 illustrates Refresh RAM 
addressing for both row/column and binary addressing for 
80 columns and 24 rows with 10 non-displayed columns and 10 
non-displayed rows. 

Note that the straight-binary mode has the advantage that all 
display memory addresses are stored in a continuous memory 
block, starting with address 0 and ending at 1919. The dis- 
advantage with this method is that, if it is desired to change a 
displayed character location, the row and column identity of the 
location must be converted to its binary address before the 
memory may be written. The row/column mode, on the other 
hand, does not need to undergo this conversion. However, 
memory is not used as efficiently, since the memory addresses 
are not continuous, gaps exist. This requires that the system 
be equipped with more memory than actually used and this extra 
memory is wasted. Alternatively, address compression logic may 
be employed to translate the row/column format into a con- 
tinuous address block. 

The user selects whichever mode is best for the given applica- 
tion. The trade-offs between the modes are software versus hard- 
ware. Straight-binary mode minimizes hardware requirements 
and row/column minimizes software requirements. 
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- DISPLAY = 80 - 


Tf 

M < 

(I 2 

2 I u 

Hi 


g 24 
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STRAIGHT BINARY ADDRESSING SEQUENCE 


ROW/COLUMN ADDRESSING SEQUENCE 


Figure 7. Display Address Sequences (with Start Address = 0) for 80 x 24 Example 
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MEMORY CONTENTION SCHEMES FOR 
SHARED MEMORY ADDRESSING 

From the diagram of Figure 5, it is clear that both the R6545 
and the system CPU must address the video display memory. 
The R6545 repetitively fetches character information to generate 
the video signals in order to keep the screen display active. The 
CPU occasionally accesses the memory to change the displayed 
information or to read out current data characters. Three ways 
of resolving this dual-contention requirement are apparent: 

• CPU Priority 

In this technique, the address lines to the video display mem- 
ory are normally driven by the R6545 unless the CPU needs 
access, in which case the CPU addresses immediately over- 
ride those from the R6545 giving the CPU immediate access. 

• 01 and 02 Memory Interleaving 

This method permits both the R6545 and the CPU to access 
the video display memory by time-sharing. During the 01 por- 
tion of each cycle (the time when 02 is low), the R6545 
address outputs are gated to the video display memory. Dur- 
ing 02 time, the CPU address lines are switched in. This way, 
both the R6545 and the CPU have unimpeded access to the 
memory. Figure 8 illustrates these timings. 



VIDEO 

DISPLAY 

MEMORY 

ADDRESSES 



Figure 8. 01 and 02 Interleaving 


• Vertical Blanking 

With this approach, the address circuitry is identical to the 
case for CPU Priority updates. The only difference is that the 
Vertical Retrace status bit (bit 5 of the Status Register) is used 
by the CPU so that access to the video display memory is 
only made during vertical blanking time (when bit 5 is a 1). 
In this way, no visible screen perturbations result. See 
Figure 10 for details. 


TRANSPARENT MEMORY ADDRESSING 

In this mode of operation, the video display memory address 
lines are not switched by contention circuits, but are generated 
by the R6545. In effect, the contention is handled by the R6545. 
As a result, the schemes for accomplishing CPU memory access 
are different; 

• 01 and 02 Interleaving 

This mode is similar to the Interleave mode used with shared 
memory. In this case, however, the 02 address is generated 
from the Update Address Register (R18 and R19) in the 
R6545. The CPU loads the address to be accessed into 
R18/R19. This address is then gated onto the MA lines during 
02. Figure 9 shows the timing. 


02 
CLOCK 






DISPLAY UPDATE W DISPLAY V UPDATE 

ADDR ADDR ^ ADDR ^ ADDR 


X: 


X; 




X 


Figure 9. 01 and 02 Transparent Interleaving 


• Horizontal/Vertical Blanking 

In this mode, the CPU loads the Update Address into R18 
and R19. This address is gated onto the MA lines during 
horizontal or vertical blank times, so memory accesses do 
not Interfere with the display appearance. Pin 34 can be pro- 
grammed, by R8 bit 6, to function as an update strobe which 
signals the presence of an update address on the MA lines. 
Data hold latches are necessary to temporarily retain the 
character to be stored until the retrace time occurs. In this 
way, the system CPU is not halted waiting for the blanking 
time to arrive. Figure 1 1 illustrates the address and strobe 
timing for this mode. 

CURSOR AND DISPLAY ENABLE SKEW CONTROL 

Bits 4 and 5 of the Mode Control register (R8) are used to delay 
the Display Enable and Cursor outputs, respectively. Figure 12 
illustrates the effect of the delays. 
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R6545/R6545E CRT Controller (CRTC) 

BUS WRITE TIMING CHARACTERISTICS (Vcc = S.OV ± 5%, = Tl to Th, unless otherwise noted) 



(to and tp = 10 to 30 ns) 


BUS READ TIMING CHARACTERISTICS (Vcc = S.ov ± 5%, Ta = Tl to Th, unless otherwise noted) 



(Ir and tp = 10 to 30 ns) 


BUS WRITE TIMING WAVEFORMS BUS READ TIMING WAVEFORMS 






R6545/R6545E 


CRT Controller (CRTC) 


MEMORY AND VIDEO INTERFACE CHARACTERISTICS 

(Vcc = 5.0V ± 5%, Ta = Tl to Th, unless otherwise noted) 


Symbol 

Parameter 

R6545 

R6545E 


Min. 

Typ. 

Max. 

Min. 

Typ. 


tcCH 

Minimum Clock Pulse Width, High 

200 



130 



ns 

tcCY 

Clock Frequency 



2.5 



3.7 


tp. tp 

Rise and Fall Time for Clock Input 



20 



20 

ns 

twAD 

Memory Address Delay Time 


180 

300 


100 

160 

ns 

tpAD 

Raster Address Delay Time 


180 

300 


100 

160 

ns 

tOTD 

Display Timing Delay Time 


240 

450 


160 

300 

ns 

^HSD 

Horizontal Sync Delay Time 


240 

450 


160 

300 

ns 

tvSD 

Vertical Sync Delay Time 


240 

450 


160 

300 

ns 

tCDD 

Cursor Display Timing Delay Time 


240 

450 


160 

300 

ns 


MEMORY AND VIDEO INTERFACE WAVEFORMS 
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R6545/R6545E 


CRT Controller (CRTC) 


LIGHT PEN STROBE TIMING CHARACTERISTICS (For Reference Only) 


Symbol 

Characteristic 

R6545 

R6545A 


Min. 

Max. 

Min. 


Unit 

^LPH 

LPEN Hold Time 

150 

- 

100 

- 

ns 

kpi 

LPEN Setup Time 

- 

120 

- 

120 

ns 

^LP2 

CCLK to LPEN Delay 

- 

0 

~ 1 

0 

ns 

Note: tp, tp = 20 ns (max) | 


LIGHT PEN STROBE TIMING WAVEFORMS 


CCLK 


LPEN 


MA0-MA13 



V.V — 

-pih — 


-ttPH- 




ZIIIDCIH]ZDCI^EZ3( 

NOTE: “Safe” time position for LPEN positive edge to cause 
address n+2 to load into Ligljt Pen Register. 
t|,p 2 and t],p^ are time positions causing uncertain results. 


TEST LOAD 


Vcc 



R =11Kn FOR D0-D7 
= 24Kn FOR ALL OTHER OUTPUTS 
C = 130 pF TOTAL FOR D0-D7 
= 30 pF ALL OTHER OUTPUTS 
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R6545/R6545E 


CRT Controller (CRTC) 


CRTC Register Comparison 


GENERAL FUNCTIONS | 


MC6845R 




REGISTER 

H06845R 

HD6845S 

R6545-1 

R6545/R6545E 

RO HORIZONTAL TOT 

TOT-1 

TOT-1 

TOT-1 

TOT-1 

R1 HORIZONAL DISP 

ATUAL 

ACTUAL 

ACTUAL 

ACTUAL 

R2 HORIZONTAL 

SYNC 

ACTUAL 

ACTUAL 

ACTUAL 

ACTUAL 

R3 HORIZ AND VERT 

HORIZONTAL 

HORIZONTAL 

HORIZONTAL 

HORIZONTAL 

SYNC WIDTH 

AND VERTICAL 

AND VERTICAL 

AND VERTICAL 

R4 VERTICAL TOT 

TOT-1 

TOT-1 

TOT-1 

TOT-1 




ANY VALUE 


R5 VERTICAL 

ANY VALUE 

ANY VALUE 

EXCEPT 

ANY VALUE 

TOT ADJ 



R5 = R9H» X 


R6 VERTICAL DISP 

ANY VALUE 

ANY VALUE 

ANY VALUE 

ANY VALUE 


<R4 

<R4 

<R4 

<R4 

R7 VERTICAL 

SYNC POS 

ACTUAL 

ACTUAL 

ACTUAL 

ACTUAL 

R8 MODE REG 

INTERLACE 

INTERLACE 


INTERLACE 

BITS 0 and 1 

MODE SELECT 

MODE SELECT 


MODE SELECT 




ROW/COLUMN 

ROW/COLUMN 

BITS 2 

- 

- 

OR STRAIGHT 
BINARY 

OR STRAIGHT 
BINARY 




ADDRESSING 

ADDRESSING 




SHARED OR 

SHARED OR 

BITS 3 

— 

— 

TRANSPARENT 

TRANSPARENT 




ADDR 

ADDR 

BITS 4 

— 

DISPEN SKEW 

DISPEN SKEW 

DISPEN SKEW 

BITS 5 

— 

DISPEN SKEW 

CURSOR SKEW 

CURSOR SKEW 

BITS 6 

— 

CURSOR SKEW 

RA4/UPSTB 

RA4/UPSTB 

BITS 7 

- 

CURSOR SKEW 

TRANSPARENT 
MODE SELECT 

TRANSPARENT 

MODE SELECT 

R9 SCAN LINES 

TOT-1 

TOT-1 

TOT-1 

TOT-1 

R10 CURSOR START 

ACTUAL 

ACTUAL 

ACTUAL 

ACTUAL 

R11 CURSOR END 

ACTUAL 

ACTUAL 

ACTUAL 

ACTUAL 

R12/R13 DISP ADDR 

WRITE ONLY 

READ/WRITE 

WRITE ONLY 

WRITE ONLY 

R14/R15 CURSOR 

POS 

WRITE ONLY 

READ/WRITE 

READ/WRITE 

READ/WRITE 

R16/R17 LPEN REG 

READ ONLY 

READ ONLY 

READ ONLY 

READ ONLY 

R18/R19 UPDATE 

N/A 

N/A 

TRANSPARENT 

TRANSPARENT 

ADDR REG 

MODE ONLY 

MODE ONLY 

R31 DUMMY REG 

N/A 

N/A 

TRANSPARENT 
MODE ONLY 

TRANSPARENT 

MODE ONLY 

STATUS REG 

NO 

NO 

YES 

YES 

INTERLACE SYNC I 

RO 

TOT-1 = ODD 

TOT-1 = ODD 

- 

TOT-1 = ODD 

OR EVEN 

R4 VERTICAL 

TOT-1 

TOT-2 

— 

TOT-1 

R6 VERT DISP 

TOT/2 

TOT 

— 

TOT 

R7 VERT SYNC 

ACTUAL 

ACTUAL 

— 

ACTUAL 

R9 SCAN LINES 

TOT-1 

EVEN ONLY 

TOT-2 

ODD/EVEN 

TOT-1 

ODD/EVEN 

TOT-1 

ODD/EVEN 

R10 CURSOR START 

BOTH ODD OR 

ODD/EVEN 

_ 

ODD/EVEN 

R11 CURSOR END 

BOTH EVEN 

ODD/EVEN 

— 

ODD/EVEN 

CHARACTER CLOCK FREQUENCY | 

CCLK 

2.5 MHz 

3.7 MHz 

2.5 MHz 

3.7 MHz* 

Notes: — = Does not apply 

* R6545 = 2.5 MHz R6545E = 3.7 MHz 
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R6545/R6545E 


CRT Controller (CRTC) 


ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

V 

Input Voltage 

V,N 

-0.3 to +7.0 

V 

Operating Temperature Range 
Commercial 

Industrial 

Ta 

0 to + 70 
-40 to +85 

°c 

Storage Temperature 

Tstg 

-55 to +150 



NOTE: Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this document is not implied. Exposure 
to absolute maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

Input High Voltage 

V,H 

2.0 


Vcc 

V 


Input Low Voltage 

V,L 

-0.3 


0.8 

V 


Input Leakage 

l|N 

— 


2.5 

mA 


02, R/W, RES, CS, RS, LPEN, CCLK 







Three-State Input Leakage 

•tsi 

— 


±10.0 

mA 

V|N = 0.4V to 2.4V 

D0-D7 







Output High Voltage 

I 

o 

> 

2.4 


— 

V 


D0-D7 






Load = 205 fiA 

All other outputs 






Load = 100 /xA 

Output Low Voltage 

Vql 

- 


0.4 

V 

Load = ^-5 

Input Capacitance 

C|N 






02, R/W, RES, CS, RS, LPEN, CCLK 


— 


10.0 

PF 

V,N = OV 

D0-D7 


- 


12.5 

1 

Ta = 25®C 

Output Capacitance 

Cqut 

- 


10.0 

PP 

f = 1MHz 

Power Dissipation 

Pd 

— 



mW 

Vcc = 5.25V 

Commercial 



350 

700 



Industrial 



350 

800 
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R6545/R6545E 

PACKAGE DIMENSIONS 


CRT Controller (CRTC) 



44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 



CHAM. 11 PINS EJECTOR PIN MARKS 
h X 45° per side 4 PLCS BOTTOM OF 
3 PLCS EQUALLY PACKAGE ONLY 


SPACES (TYPICAL) 


BOTTOM VIEW 




R6549 



R6549 

Rockwell 

Color Video Display Generator (CVDG) 


PRELIMINARY 


DESCRIPTION 

The Rockwell R6549 Color Video Display Generator (CVDG) 
integrates video raster control; color lookup table (LUT) update 
and access; color generation and display refresh; teletext data 
DMA addressing, data routing and handshake; dynamic RAM 
(DRAM) control and refresh; and MPU/CVDG/DMA access to 
DRAM into a single device. Internal horizontal and vertical state 
machines generate video synchronization signals and control 
access of video color data from DRAM. A 16-entry color lookup 
table (LUT) supports 4-bit encoded color levels for red, green 
and blue (RGB) colors allowing 4096 color combinations to be 
generated. Each color code is converted to a 16-level analog 
signal by a dedicated DAC, combined with a blanking signal, 
and output in sync with a pixel clock. 

Control registers allow MPU selection of CVDG operating mode 
and options while data registers allow MPU update of LUT data, 
current drawing pointer (CDP) graphics, Y scroll pointer and 
teletext pointer. The data registers can also be monitored by 
the MPU as can mode and raster scan status. 

The R6549 is the first display generator to be designed exclu- 
sively in support of North American Presentation Level Protocol 
Syntax (NAPLPS) videotex (VTX) and teletext (TTX). 

Replacing over 30 conventional MSI/LSI devices, the R6549 
simplifies system design and layout, reduces printed circuit size, 
and minimizes required support circuits to speed system proto- 
typing and greatly reduce both development and production costs. 



FEATURES 

• High performance video generator 

— 2:1 or 1:1 interlace 

— Analog red, green, blue (RGB) outputs 

— 16 levels per color plus blanking 

— 4096 color combinations 

— RS-170 sync and color subcarrier generation 

— 16 entry color look-up table (LUT) 

— RS-170 composite sync output with equalization and 
serration pulses 

— Internal/external video synchronization 

— Color subcarrier generation with line, field and pixel phase 
lock 

— Compatible with MCI 377 color encoder 

• Videotex (VTX)/Teletext (TTX) graphics 

— 256 X 210 X 4 bit-mapped video image buffer 

— Programmable border color 

— Transparent video overlay signal 

— Fast X CDP and Y CDP nibble or byte graphics I/O 

— NAPLPS X - Y origin with smooth Y vertical scroll 

— Fast horizontal drawing support with X auto increment byte 
write 

• Dynamic RAM interface 

— Direct 48k-byte DRAM support, with auto inherent refresh 
for interfacing to six 16k x 4 DRAMS (4416-150 ns) 

— Supports three methods of DRAM access: 

— Video refresh 26.9k-byte DRAM— port or address 
mapped 

— Teletext/program 5.9k-byte DRAM— port or address 
mapped 

— Optional program 16k-byte DRAM extension— address 
mapped 

— Interleaving of MPU and CVDG DRAM access for uninter- 
rupted read/write memory access without memory 
contention 

— On-chip refresh timing and control 

• MPU Interface 

— Direct timing and cycle stealing for 1 .4 MHz 68A09E MPU 

— Direct interface to R6512 CPU 

• Teletext support 

— DMA Interface and handshake to external NABTS teletext 
prefix processor 

— 5.72 Mbps effective data rate 

— 8k-byte teletext buffer DRAM interface 

ORDERING INFORMATION 


Part Number 

Temperature Range 

R6549 

0°C to 70®C 

— Package: P = Plastic 



Document No. 29651N86 


Product Description 


Order No. 2183 
September 1984 
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R6549 


Color Video Display Generator (CVDG) 


TELETEXT 

PREFIX 

PROCESSOR 


MPU 

CONTROL & 
ADDRESS 
LINES & 
CHIP 
SELECTS 


ADDRESS/ 

DATA 

BUS 



DRAM 

CONTROL 


28.636363 MHz 
SYSTEM CLOCK 


VIDEO/ 

COLOR 

OUTPUT 


Figure 1 . R6549 CVDG Interface Signals 


PIN DESCRIPTION 


Throughout this document signals are described logically using 
the terms active (or asserted) representing the true state, or in- 
active (or negated) representing the false state, regardless of 
whether the signal is active at a high or low voltage level. 

The R6549 CVDG signals can be categorized into several dif- 
ferent functional interfaces: MPU control and address bus, 
address/data (A/D) bus, DRAM control, color video output, 
teletext prefix processor and system clock input. Figure 1 iden- 
tifies the signals within each group. 

DMAC INTERFACE 

TTXREQ— Teletext DMA Request. An asynchronous falling 
edge-triggered request for direct memory access (DMA) transfer 
of data from a teletext prefix processor connected to the 
address/data (A/D) bus to DRAM. This TTL compatible Input 


causes the CVDG to stop generating the E and Q clocks for one 
A/D bus cycle, output a 13-bit address (AO- A12) to the DRAM 
during t he processor portion of_the A/D bus cycle, assert the 
TTXOE signal, and assert the W output to enable writing the 
data into DRAM. 

TTXOE— Teletext DMA Output Enable. An active LOW TTL 
compatib le output pulse asserted withi n one A/D bus cycle after 
TTXREQ is asserted to acknowledge TTXREQ receipt and to 
enable data transfer from the teletext prefix processor onto the 
A/D bus (AD0-AD7). 

MPU CONTROL AND ADDRESS BUS 

E— E Clock. A TTL compatible 1.43 MHz output clock that 
synchronizes data transfers over the MPU bus. This output drives 
the E clock input to the 6809E MPU. The E clock has special 
VoH and Vql output levels, Vcc - O.SV and Vss + 0.3V, 
respectively. 
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R6549 


Color Video Display Generator (CVDG) 


Q— Q Clock. A TTL compatible 1 .43 MHz output clock that leads 
the E clock output for use by the 6809E. 

R/W— ReadA/VrIte. The TTL compatible Read/Write input 
controls the direction of data transfer between the MPU and the 
CVDG ^IGH = read from the CVDG; LOW = write to the CVDG). 
The R/W line should be connected to external data bus trans- 
ceivers to also control the data direction between the MPU bus 
and the A/D bus. 


AO, AI—MPU Address Line AO and A1 Inputs. When IOCS 
is active, the encoded AO and A1 inputs select the register in 
the CVDG to be accessed during a read or write operation (see 
Table 1). An exception is when AO and A1 are both high during 
Mode 0, In which case DRAM is CDP accessed directly by the 
MPU at addresses generated by the CVDG. 


When DRCS is active and program DRAM is selected (P = 1 in 
the DRAM Page Register), AO is passed through the CVDG to 
drive the AD6 output during DRAM column address generation 
in the processor portion of the A/D bus cycle (see MPU DRAM 
Access Description). 


A13— MPU Address Line A13 Input. When DRCS is activ e, A13 
input HIGH causes program DRAM to be accessed (CASP 
asserted) during the processor portion of the A/D bus cycle 
independent of the P bit value in the DRAM Page Register. When 
program DRAM is selected in the DRAM Page Register (P = 1) 
or when A1 3 = 1 , A1 3 is passed through the CVDG to drive the 
ADS output during DRAM column address generation in the 
processor portion of the A/D bus cycle (see MPU DRAM Access 
Description). 

IOCS — I/O Chip Select. The active LOW, TTL compatible, 
IOCS input selects CVDG I/O port operation. The CVDG internal 
registers addressed by the AO and A1 inputs are accessed as 
enabled by the mode selecte^n the Mode Register. Data direc- 
tion is controlled by the R/W input as appropriate for each 
register and mode. 


Table 1. CVDG Register Select Logic (IOCS=LOW) 


A1 

AO 

Mode^ 

Read (R/WnH) 

Write (R/W=L) 

L 

L 

— 

Status Register 

Mode Register 

L 

H 

0 

X CDP Register 

X CDP Register 

H 

L 

0 

Y CDP Register 

Y CDP Register 

H 

H 

0 

DRAM2 

DRAM2 

H 

H 

1 

— 

LUT Address Register 

H 

H 

2 

LUT3 

LUT Data Register 

H 

H 

3 

— 

Switch Register 

H 

H 

4 

— 

Y Scroll Register 

H 

L 

5 

TTX Pointer Register 

TTX Pointer Register 

H 

H 

6 

— 

DRAM Page Register 

Notes: 




1. The mode is selected in Mode Register. 

2. 

DRAM is accessed directly by the MPU at DRAM addresses 
determined by the CVDG X CDP and Y CDP register contents. 

3. The LUT is accessed as enabled and addressed in the LUT 


Address Register. 



DRCS— DRAM Chip Select. DRCS is a TTL compatible, active 
LOW, i nput that en ables MPU access to the DRAM. CTIME, 
RTIME and DTIME outputs are asserted by the CVDG at the 
proper times to enable external buffers which drive the MPU 
generated address onto the A/D bus and drive data between 
the MPU biodata lines and the A/D bus in the direction con- 
trolled by R/W (H IGH = read from DRAM; LOW = write to DRAM). 
Note that DRCS configurations are advanced and optional for 
many configurations. 

ADDRESS/DATA BUS 

ADO - AD7— Address/Data Lines. Eight TTL compatible, 
bidirectional, multiplexed address/data lines (ADO - AD7) Inter- 
face the CVDG directly to the video/program DRAM, through 
external buffers to the MPU address bus (A1 - A12), and through 
external transceivers to the MPU data bus (DO - D^. These lines 
transfer both address and data between the DRAM and the 
CVDG and between the MPU bus and the CVDG/DRAM during 
one 698 ns /VD bus cycle. 

RASL, RASH— Row Address Strobe Low and High. TTL com- 
patible outputs strobe the upper eight bits of the address on /V/D 
bus lines AD0-AD7 int o DRA M (as DRAM addresses A6-A13) 
on the falling edge. RASL strobes the address in to the 
DRAM containing the lower four data bits (D0-D3) and RASH 
strobes the address into the DRAM containing the upper four 
data bits (D4-D7). 

CAS1, CAS2, CASP— Column Address Strobes 1 , 2 and P. 

The TTL compatible CAS outputs strobe the six lower bits of 
the address on AID bus lines (AD1~A D6) int o DR AM (a s DRAM 
addresses A0-A5) on the falling edge. CAS1 and CAS2 connect 
to the video DRAM containing the LUT addresses. Four 4-bit 
LUT addresses packed into two bytes are a ccessed during the 
video portion of each AID bus cycle. CASI strobes the DRAM 
contai ning t he LUT addresses for the first two pixel positions 
while CAS2 strobes the DRAM devices con taining the LUT 
addresses for the second two pixel positions. CASP connects 
to the program DRAM containing the program instructions/data. 

Oil, DRAM Output Enable. These active LOW, TTL 
compatible, outpu ts enable DRAM device data output lines dur- 
ing a read. OE1 connects to the two video DRAM devices 
containing byte 1 (LUT addresses for pi xels 1 and 2) and is 
asserted first during a video refresh cycle. OE2 connects to the 
two DRAM devices containing byt e 2 (L U T ad dresses for pixels 3 
and 4) and Is asserted following OE1. OE2 is also connected 
to the program DRAM devices and enables their data outputs 
during the processor portion of the AID bus cycle. 

W— DRAM Write Enable. The TTL compatible, active LOW, W 
output strobes data from the AID bus into DRA^during a write 
in the processor portion of the AID bus cycle. W is held HIGH 
during a read from DRAM. 

RTIME — Row Address Time. The active LOW, TTL compatible, 
RTIME output enables DRAM row address line s from the MPU 
onto the AID b us thro ugh external buffers when DRCS is active. 
(Required for DRCS configurations only.) 

CTIME — Colum n Address Time. The active LOW, TTL com- 
patible, CTIME output enables DRAM column address lines 
from th e MPU onto the AID bu s throug h external buffers when 
DRCS Is active. (Required for DRCS configurations only.) 
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DTIME— Data Time. The active LOW, TTl. compatible, DTIME 
output enables data transfer between the MP U data bu s and 
the A/D bus through external transceivers when DRCS or IOCS 
is active. 

SYSTEM CLOCK 

SYSCLK— System Clock. A clock input with a duty cycle of 
40/60 to 50/50. The clock frequency should be 28.63636 MHz 
± 80 Hz for proper operation of the colorburst frequency. This 
input clock may be stopped in either state for up to 1 fis to allow 
for external digital phase lock techniques. 

VIDEO/COLOR OUTPUTS 

CSUBC“Color Subcarrier Clock Output. A TTL compatible 
3.579545 MHz ± 10% color subcarrier clock. The clock rate com- 
plies with the North American Color Burst Clock Output 
Standard. The rate is the SYS CLK divi ded by eig ht and is ph ase 
keyed to the horizont al sync ( HSYN C) output on C/HSYNC (as 
either a component of CSYNC or pure H SYNC). Vertical blanking 
interval (VBI) color gating by VSYNC must be done externally 
(since some modems require an uninterrupted 3.579 MHz clock). 

When the color outputs are connected to an MCI 377 color 
encoder, the CSUBC output can be connected to the MCI 377 
CLK input, typically through a 500 pF capacitor/150 fiH inductor 
filter network. 

C/HSYNC— Co mposite/ Horizontal Sync O utput. E ither a 
composite sync (CSYNC) or a horizontal sync (HSYNC) output 
at TTL levels, asserted "tips down”, is selected by the External 
Sync (EXT) bit in the Switch Register. 

In internal sync (EXT = 0), an RS-170 composite sync with full 
serration and equalization is output in either 2:1 or 1:1 interlace 
as selected by the 2:1 Interlace Select (S21) bit in the Switch 
Register (S21 = 1 for 2:1; S21 = 0 for 1:1). 


In external sync (EXT = 1), a pure HSYNC is output In either 
normal or early timing as selected by the Normal Horizontal Sync 
(NHS) bit in the Switch Register. In normal timing (NHS = 1), 
a 15.7 kHz signal is output; in advance timing (NHS = 0), a 
15.9 kHz stop clock signal is output. 

When the c olor output s are connected to an MCI 377 color 
encoder, the C/HSYNC output can be connected directly to the 
MCI 377 SYNC Input pin. 


VSYNC— Ver tical Sy nc Input/Output. A TTL compa:ible 
vertical sync (VSYNC) input or output signal depending on the 
state of the External Sync (EXT) bit in the Switch Register (see 
Mode 3). VSYNC is an exter nally generated input at power up 
or when EXT = 1 . VSYNC is an internally generated output 
when EXT = 0. 


The VSYNC output can be used to disable the color subcarrier 
at the chroma modulator during VBI. Videotex decoders can also 
use VSYNC to interrupt the MPU at a 60 Hz rate for blink, task 
and timekeeping operations. 


PIXCLK— Pixel Clock Output. A 5.7272 MHz pixel output clock 
running synchronously with the RGB color outputs. 

R, G, B— Red, Green and Blue Color Outputs. Three separate 
color analog output voltages. Each output provides a 1.0 Vpp 
video signal at high impedance with a 1.8 Vdc offset. Each color 
level is controlled by a 4-bit color code accessed from the LUT 
for each pixel position. A digital-to-analog converter (DAC) 
converts the 4-bit code to one of 16 output voltage levels (black 
level = 1.875 Vdc; white level = 2.800 Vdc). The three outputs 
allow 4096 color level combinations. A composite blanking signal 
(1 .800 Vdc) is included in each output. 

The output signals include high frequency clock components 
which may require low pass filtering in some applications. The 
outputs can be connected to the R IN, G IN, and B IN inputs 
to a MCI 377 color encoder through 15 /xF (typical) AC coupling 
capacitors. 

The color outputs, through external buffers, can also drive 
75 ohm loads, e.g., the inputs to an RGB color monitor/TV. 

XPAR— Transparent Output. A TTL compatible, active HIGH, 
output controlled by one bit in a 4-bit code (three bits are don’t 
care) in the LUT. A LUT value of IXXX in DRAM asserts XPAR 
(HIGH); LUT value of OXXX in DRAM negates XPAR (LOW). This 
output can be used to indicate which video source to select. 
When XPAR output is HIGH, external video signals should be 
selected to display background video; when XPAR output Is 
LOW, CVDG outputs should be selected to display graphics. The 
XPAR output is always HIGH during composite blanking to pass 
external vertical blanking interval (VBI) signals, external sync, 
color burst, etc. 

POWER/GROUND 
VCC— Primary Power. 5.0 Vdc. 

VSS— Ground. Power and signal ground. 

FUNCTIONAL DESCRIPTION 

The R6549 CVDG operation is controlled by three free-running 
synchronous state machines with the following cycle rates: 

Address/Data (A/D) Bus Cycle 698 ns/cycle (1.43 MHz) 
Horizontal Raster Line Cycle 63.5 ^s/cycle (15.74 kHz)* 
Vertical Raster Frame Cycle 33.3 ms/cycle (30 Hz) 

The CVDG also includes timing shift registers and sample flip- 
flops to generate internal and external timing signals; pro- 
grammed logic arrays (PLAs) to perform I/O decoding, generate 
DRAM control signals and determine state machine outputs; 
registers to hold command/status and data; an internal 16-bit 
row/column bus in display X-Y coordinates; Internal input and 
output 8-bit data busses; and input/output buffers to isolate 
internal circuits from external interfaces and to drive outputs. 
Figure 2 illustrates the main CVDG components. 

*A 15.9 kHz stop-clock early sync is selectable. 
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Figure 2. R6549 CVDG Block Diagram 
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SYSTEM TIMING 
System Clock 

Internal and output timing signals are derived from the 
28.636363 MHz crystal frequency on the SYSCLK input pin. A 
two-phase non-overlapping 14.318181 MHz (SYSCLK/2) clock 
is generated to sequence high speed data transfer within the 
CVDG. 

Timing Shift Register 

The Timing Shift Register generates internal timing pulses as 
internal timing references at frequencies from 14.318 MHz down 
to 13.98 kHz. Flip-flops sample the various timing pulses to 
generate derivative' timing reference signals for use by other 
CVDG circuits. 

A two-phase non-overlapping 1 .431818 MHz (SYSCLK/20) clock 
is generated for low speed sequencing within the CVDG and 
is also the external microprocessor bus and A/D bus timing 
reference. One phase of the 1 .43 MHz clock drives the E clock 
output pin. A quadrature 1 .431818 MHz clock leading the E clock 
is output on the Q output pin. 

Pixel Clock 

A 5.72 MHz pixel clock is output on the PIXCK output pin. Four 
pixel output clocks occur each 698 ns (one clock pulse coinci- 
dent with each of the red, green and blue color level outputs 
and the transparent bit output for each pixel location). 

VIDEO RASTER CONTROL 

Horizontal Raster Line Cycle 

An internal horizontal state machine (HSM) controls the hori- 
zontal raster line cycle. The HSM is incremented at the E clock 
rate, nominally every 698 ns. When normal horizontal sync 
timing is selected in the Switch Register (NHS = 1), 91 horizontal 
counts (HSO - HS90), or states, comprise the 63.56 fis line raster. 
When early horizontal sync timing is selected (NHS = 0), typically 
to support external synchronization, 90 horizontal counts 
(HSO - HS89) provide a 62.86 ns line raster. The first 64 counts 
clock the 256 displayed pixels (at four pixels per count). Figure 3 
illustrates the horizontal and vertical raster count reference. 

The HSM generates the horizontal raster timing pulses for 
internal logic and/or external output. These signals are the 
horizontal sync (HSYNC), horizontal border and blanking, hori- 
zontal blanking, serration and equalization timing pulses. 

The horizontal border and blanking pulse identifies the time that 
a border color is output (see LUT Data Register description) out- 
side of the 256 pixel locations except during actual horizontal 
blanking. This signal is reported in bit 6 (HB) of the Status 
Register. 

An increment vertical count signal is also generated to incre- 
ment the vertical state machine. 


Vertical Raster Frame Cycle 

An internal vertical state machine (VSM) controls the 33.3 ms 
vertical raster frame cycle. The VSM is incremented twice each 
horizontal raster line cycle. The VSM count (VSO - VS523 or 
VSO - VS524), or state, supports two frames per 30 ms vertical 
raster cycle. The upper count depends on the interlace mode 
(S21) switch position selected in the Switch Register. When 2;1 
interlace mode is selected (S21 = 1), the upper VSM count sup- 
ports a 262V2 line frame. When 1:1 interlace is selected (S21 = 0), 
the upper VSM count supports a 262 line frame. 

A VSM clear sign is normally generated when the VSM upper 
count is reached to restart the VSM at 0; however, when exter- 
nal sync is selected (EXT = 1) the VSM cle ar signal is generated 
from the external sync signal input on the VSYNC pin. Internal 
vertical state timing signals are generated for internal lo gic and/o r 
external output. These signals include vertical sync (VSYNC), 
vertical border and blanking, vertical blanking, and equalization 
enable pulses and the load Y scroll pointer time. 

An internal vertical sync pulse, a vertical blanking pulse, and 
an equalization pulse are generated for combining with the 
HSYNC serration and equalization pulses when int ernal sync 
is selected (EXT = 0) to output composite sync on the C/HSYNC 
pin. 

The ver tical blanking pulse is also buffered and output on the 
VSYNC pin wherf internal sync is selected in the Switch Register 
(EXT = 0). 

The internal vertical border and blanking pulse is generated and 
reported in bit 7 (^) of the Status Register. The pulse width 
is 3.302 ms for 2: 1 interlace (S21 = 1 ) or 3.333 ms for 1 : 1 interlace 
(S21 = 0). This duration identifies the time the border color deter- 
mined from the LUT Data Register is output, except during actual 
vertical blanking. 

An internal load Y offset pointer signal is generated and routed 
to the Y Scroll Counter to cause the Y offset to load during the 
non-visible portion of the display raster. 

Composite Sync and Color Subcarrier 
Clock Generation 

HSYNC is output in one of two forms on the C/HSYNC pin 
depending upon the EXT bit state in the S witch Register. If 
internal sync is selected (EXT = 0), HSYNC is combined with 
horizonta l blanking serration, equalization and v ertical s ync 
(VSYNC) pulses to output as comp osite syn c (CSYNC). If 
external sync is selected (EXT = 1), the HSYNC signal is output 
on C/HSYNC. 

A 3.58 MHz color subcarrier clock (SYSCLK/8 and phase keyed 
to horizontal sync) is generated from composite sync and 
horizontal sync signals then is output on the CSUBC pin. 
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HORIZONTAL STATE MACHINE (HSM) COUNT 
= VIDEO REFRESH COLUMN ADDRESSES 


89 (EARLY HSYNC) 


65?70 72T 79 87l®0 ^^ORMAL HSYNC) 


VERTICAL - 

STATE 

MACHINE 

(VSM) 

COUNT 


; ACTIVE x 

; PIXEL ri: 

300-; REGION 


Y ADDRESS CNTR 
(Y0-Y7) 

= VIDEO REFRESH 
ROW ADDRESSES 


PIXEL X LOCATION 255 

NOTES: 

1. Vertical State Transition (HS 28) 

2. Vertical State Transition and HSYNC (HS73) 

3. Symbol definitions: 

HBLANK = Horizontal Blanking 

IHBLANK = Horizontal Border and Blanking 

VBLANK = Vertical Blanking 

IVBLANK = Vertical Border and Blanking 

CBLANK = HBLANK + VBLANK = Composite Blanking 

ICBLANK = = IHBUXNK + IVBLANK = Composite Borders and Blanking 

4. Shading Legend: 

m Active Pixel Display Region 
0 Right and Left Borders 
S Top and Bottom Borders 
[H Blanking Region 
S Composite SYNC (CSYNC) 


Figure 3. CVDG Video Raster Count Reference 
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ADDRESS/DATA BUS CONTROL 

The Address/Data Bus state machine controls the operation of 
the 698 ns A/D bus cycle. The A/D bus cycle contains a 2-byte 
video data access cycle and a 1-byte I/O data access cycle 
(Figure 4). The addresses and data transferred on the A/D bus 
depend on the phase of the A/D bus cycle (i.e., the E clock level) 
and the type of operation in the I/O data access cycle. Table 2 
identifies the source of the addresses for each type of DRAM 
access. 

Video Data Access Cycle 

The video data access cycle (also referred to as the video portion 
of the A/D bus cycle) occurs during the first half of the A/D bus 
cycle (when the E clock is LOW). Two bytes of video data 
(containing four LUT addresses corresponding to four pixel loca- 
tions on the display) are read each cycle from DRAM at the 
DRAM address generated by the CVDG. The DRAM address 
is generated corresponding to the first of four pixel column loca- 
tions in the horizontal raster and the pixel row location in the 
vertical raster. The video column (X) address of 0 to 64 is con- 
trolled by the horizontal state machine. The video row (Y) address 
of 209 to 0 is controlled by the Y Address Counter, which is in 
turn controlled by the vertical state machine and the Y Scroll 
Register. The two data bytes are loaded into the CVDG Video 
Data Register for subsequent serialization and LUT access (see 
the Pixel Color Generation description). 

Up to 48k-bytes of Dynamic RAM (DRAM) can be connected to 
the A/D bus to store video data (LUT addresses) for video refresh, 
program instructions/data and received teletext data. The DRAM 
is segmented into six 8k-byte blocks with page selection of one 
block at a time during access (Figure 5). Four pages are required 
for video refresh (VOO- VII); three pages (VOO, V01 and V10) 
hold video data exclusively, and one page (V1 1) holds video and 
program/teletext data. Two other pages hold program data. Dur- 
ing the video data access cycle, and some modes of the I/O data 
access cycle, paging is handled automatically by the CVDG. The 
A13 and AO input lines and the P, VI and VO bits in the CVDG 
DRAM Page Register select the page for MPU DRAM access 
during the I/O data access cycle (see MPU DRAM Access 
description). 

I/O Data Access Cycle 

The I/O data access cycle (also referred to as the processor 
portion of the A/D bus cycle) occurs during the second half of 
the A/D bus cycle (when E clock is HIGH). AID bus address 
source and d ata so urce/de stination depends upon CVDG chip 
select (IOCS and DRCS) and Teletext Request (TTXREQ) 
input levels, the selected CVDG mode, and the register select 
(AO and A1) input levels. Refer to the description of each I/O 
access cycle function for details. 

A/D Bus Control Line Buffers and Logic 

The A/D Bus Control Line Buffers and Logic conditiornnput and 
outpuLA/D Bus control signals. Six input signals (R/W, AO, A1, 
A13, IOCS and DRCS) are buffered and routed to the DRAM 
Control PLA. 


The E and Q out put cloc ks are suppressed during a teletext DMA 
transfer. When TTXREQ input goes LOW, the Q and E clock 
outputs are held LOW to disable the clocks for one MPU bus 
cycle. In addition, the increment TTX address co unt goes HIGH 
to increment the modulo 32 TTX Counter. When TTXREQ goes 
HIGH at the completion of the DM A data t ransfer, the E and 
Q output clocks are enabled, the TTXOE output is negated 
(reset HIGH), and the increment TTX address count signal is 
reset. 

Intern al re set and initialization signals are generated when both 
IOCS and DRCS inputs are LOW for test purposes. 

A/D Bus Control PLA 

The A/D Bus Control PLA decodes CVDG and A/D Bus opera- 
tion commands from buffered A/D bus control input signals and 
encoded mode bits in the Mode Register. Outputs from the PLA 
are buffered and routed to other circuits in the CVDG as inter- 
nal enable signals. 

A/D Bus Input/Output Buffers 

The A/D Bus Input/Output Buffers isolate the internal CVDG data 
bus lines from the external NO bus lines (ADO - AD7). Input buf- 
fers continuously copy ADO- AD7 onto the internal input data 
bus. Output buffers drive the states of the internal output data 
bus lines onto ADO - AD7 when enabled by a CVDG output func- 
tion and clocked by the 14.3 MHz internal clock. Two of these 
output buffers drive AD5 and AD6 during MPU DRAM access 
(DRCS = L) with the DRAM page signals, i.e., VO and 
VI , respectively, or A13 and AO inputs, respectively, depending 
on the state of the A13 input and the P bit in the DRAM Page 
Register. 

A/D Bus Output Control Logic 

The A/D Bus Output Control Logic drives data onto the internal 
output bus from the internal row and column bus lines, from the 
LUT, and from other internal CVDG circuits when enabled by 
outputs from the A/D Bus Control PLA. 

DRAM Control PLA and Buffers 

The DRAM Control PLA and Buffers generate and drive control 
and timing output signals to the DRAM; the row, column and 
data time output control signals for use by external line buffers 
and data line transceivers; and internal signals to control 
input/output data direction and to enable the internal row and 
column bus. 

Timing pulses from the Timing Shift Registers: control signals 
from the Mode and Page registers, A/D Bus Control Buffers and 
Logic, and A/D Bus Control PLA; and control signals generated 
and derived from other sections of the CVDG are input to the 
PLA. 

Output control states from the PLA are buffered and routed to 
extern a l DRAM con trol signal pins (RASL, RASH, CASi , CAS2, 
CASP, OEI, OE2, a nd W) an d to e xternal A/D bus control 
signal pins (CTIME, RTIME and DTIME). Other output 
signals are inverted and routed to internal logic. 
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698 ns 


Q 


E 


RAS 


CAS 


y 


-VIDEO TIME- 


- PROCESSOR TIME 


y 




RASL AND RASH 


_7 V" / V. 


RASL AND/OR RASH 


CAS1 AND CAS2 


j — y: 


CASP, CAS1 OR CAS2 

J — 


_ WRJTE_ 

y \ / \ READ Y 

WRITE _ 

_ y \ "read j 


w 


AD0-AD7 


RTIME 


READ 

7 \ WRITE / - 


VIDEO DATA ACCESS I/O DATA ACCESS 

( ^ t * ^ 




CTIME 



DTIME 


/ 


\ / 


Figure 4. DRAM Address/Data (A/D) Bus Cycle 
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Table 2. Address/Data Bus Address Sources 


DRAM Row/Column 

_ 

CAS 

CA4 

CA3 

CA2 

CA1 

CAO 


RA7 

RA6 

RAS 

RA4 

RA3 

RA2 

RA1 

RAO 

CVDG Display Row/Column Bus 

C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

R7 

R6 

R5 

R4 

R3 

R2 

R1 

RO 

AID Bus 

AD7 

AD6 

ADS 

AD4 

AD3 

AD2 

ADI 

ADO 

AD7 

ADS 

ADS 

AD4 

AD3 

AD2 

AD1 

ADO 

Video Cycle’ 

0 

V7 

V6 

V5 

V4 

V3 

V2 

0 

VI 

VO 

H6 

H5 

H4 

H3 

H2 

HI 

Processor Cycle 

CDP Graphics^ 

= L, Mode 0) 

Xl® 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

XO-* 

Y1 

YO 

X7 

X6 

X5 

X4 

X3 

X2 

MPU Video DRAM Access^ 

(D^ = L, P = 0) 

AO® 

V17 

VO® 

A12 

A11 

A10 

A9 

0 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

MPU Program DRAM Access® 
(D^ = L. P = 1) 

0 

AO® 

A139 

A12 

All 

A10 

A9 

0 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

Teletext DMA Access’® 

(TTXREQ = L) 

TO 

1” 

1” 

T12 

Til 

T10 

T9 

0 

T8 

T7 

T6 

T5 

T4 

T3 

T2 

T1 

Notes: 

1 . Video Cycle: 

H1 - H6 = HSM Output = 0 to 64 ( = 0 to 255 pixel LUT addresses @ 4 addresses per access): 

VO - V7 = Y Scroll Counter Output = 209 to 0 

2. CDP Graphics: 

X0-X7 = X CDP Register/Counter contents = 0 to 255; 

YO - Y7 = Y CDP Register contents = 0 to 255 (0 to 209 for displayable data) 

3. XI controls the CASI and CAS2 outputs: 

0 e Assert CAS1 

1 = Assert CAS2 

4. XO controls the RASL and RASH outputs: 

0 » Assert RASL 

1 « Assert RASH 

5. MPU Video DRAM Access: A0-A12 = MPU Address = 0 to 4096. 

6. AO input controls the CASI and CAS2 outputs: 

L « Assert CASI 

H « Assert CAS2 

7. VO and VI bits in the DRAM Page Register control assertion of AD6 and ADS outputs, respectively: 

0 K Negate output 

1 « Assert output 

8 . MPU Program DRAM Access: A0-A13 = MPU Address « 0 to 8192 

9. AO and A13 inputs control the AD6 and ADS outputs, respectively: 

L « Negate output 

H « Assert output 

10. Teletext Access: 

T1 -T4 « Modulo 32 counter incremented by each DMA byte transfer 

T5-T12 * Teletext Pointer Register contents incremented by T1 -T4 overflow 

11. AD6 and ADS asserted to select program DRAM. 
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DRAM Page 

Register 

Addr 

(Hex) 

Addr 

(Dec) 

Memory Page 

Memory Function 

A13 P VI 

VO 




■ 1FFF 

8191 




1 1 X 

X 




Program 1 








(A13 = 1) 






. 0 

0 



- PROGRAM 




1FFF 

8191 




0 1 X 

X 




Program 0 








(A13 = 0) 






0 

0 







r 1FFF 

8191 


* 









. PROGRAM/ 

0 0 1 

1 




Video 3 (V11) 


TELETEXT 




0900 

2304 







08FF 

2303 

0,209 1 1,209 


Note 2 




. 0 

0 








" 1FFF 

8191 




0 0 1 

0 

- 



Video 2 (VI 0) 






0 

0 







^ 1FFF 

8191 



. VIDEO’ 








DATA 

0 0 0 

1 

- 



Video 1 (V01) 






0 

0 







“ 1FFF 

8191 




0 0 0 

0 

- 



Video 0 (VOO) 






0 

0 

254,0 I 255,0 


Note 2 

Notes: 








1. 26,880 bytes of video memory are required to support video refresh, i.e., 

to supply 53,760 4-bit LUT addresses in support of the 

210 X 256 pixel display area. With 32,768 bytes supplied in four 4416 DRAM devices, 5888 bytes are available for general 

program/TTX message use in the upper part of video memory page 3 (Vll). 



2. Nibbles shown correspond to beginning and ending data for 210 x 256 pixel display area in X(coiumn), Y(row) coordinates. 



Figure 5. DRAM Memory Map 
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PIXEL COLOR GENERATION 
LUT Address Generation 

The 16-bit Video Data Register latches the four LUT addresses 
contained in the two data bytes acquired during the video data 
access cycle. Two 4-bit color lookup table (LUT) addresses are 
packed into each byte. The Video Shift Register serializes the 
four LUT addresses and transfers them one byte at a time to 
the LUT Address Generator. The LUT Address Generator latches 
the 4-bit coded LUT addresses from the Video Shift Register, 
converts the coded address to 16 binary signals and latches the 
binary address (0-15) for routing to the LUT. 

LUT Operation 

The color look-up table (LUT) is a 16 x 13 bit memory holding 
16 entries of R, G and B color codes and corresponding trans- 


parent state (see Table 3). Each entry holds three 4-bit encoded 
color levels (0000 = lowest voltage level, 1111= highest voltage 
level) and a 1-bit transparent state (0 = off, 1 = on). For each pixel 
location the three color level codes (R, G and B) are sampled 
from the LUT, latched and routed through three separate digital- 
to-analog converters. The transparent bit corresponding to each 
pixel location is als o acce ssed from the LUT, latched, buffered 
and output on the XPAR pin. 

Digital-To-Analog Conversion (DACs) 

The 4-bit color code for each color (R, G and B) at a pixel posi- 
tion is converted to a corresponding analog voltage through a 
16-level digital-to-analog converter (DAC). Four lines from the 
four color code lines and their four complements are decoded 
to one of 16 levels, sampled and latched. The latched outputs 
are in turn connected to the color output pin (R, G and B) through 
a voltage divider ladder network. 
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I/O DATA ACCESS CYCLE FUNCTIONS 

The I/O access cycle operates in one of five ways; 

1 . CVDG Mode/Status Register Access (enabled by IOCS LOW) 

2. CVDG Graphics Access (enabled by IOCS LOW) 

3. CVDG Parameter I/O Access (enabled by IOCS LOW) 

4. MPU DRAM I/O Access (enabled by D^ LOW) 

5. Teletext Byte DMA (enabled by TTXREQ LOW) 

The b asic ty pe of I/O access cycle is deter mined by t he chip 
select (IOCS or DRCS) and Teletext Request (TTXREQ) inputs. 
When neither of the chip select inputs are LOW, nor has a TTX 
DMA transfer been initiated by TTXREQ LOW, the I/O access 
cycle is idle with no data transfer occurring during the processor 
portion of the A/D bus cycle. 


When IOCS is LOW, the register address inputs (AO and A1) 
and the mode selected in the CVDG Mode Register define the 
specific CVDG I/O operation, i.e., Mode/Status Register Access, 
CVDG Graphics Access (Mode 0), or one of the six CVDG 
Parameter Access modes (Modes 1-6). Table 4 shows the 
CVDG registers accessible during the I/O access cycle and the 
bit assignments. When A1 and AO are both HIGH, the register 
bits are defined with reference to a pseudo Data Register (DR). 
The actual internal CVDG register accessed depends on the 
selected mode (see Table 4). The bits are defined in the following 
text. 

CVDG Mode/Status Register Access 

When IOCS is LOW and the register address is zero (AO and 
A1 inputs are both LOW), the Mode Register (MR)_or the Status 
Register (SR) is accessed depending upon the R/W input l^el. 
When R/W is LOW, the Mode Register is written; when R/W is 
HIGH, the Status Register is read. 



Table 4. CVDG Register Summary 


Internal CVDG Register 

Mode 

Register 

Select 

Lines 

R/W-* 

Register Bit No. 

Resets 

A1 

AO 

7 

6 

5 

4 

3 

2 

1 

0 

Mode Register 

- 

0 

0 

w 

- 

— 

- 

- 

S 

M2 

Ml 

MO 

OF 

Status Register 

- 

0 

0 

R 

VB 

HB 

M2 

Ml 

MO 

P 

VI 

VO 

— 

X CDP Register 

0 

0 

1 

RAV 

X7 

X6 

X5 

X4 

X3 

X2 

XI 

XO 

00 

Y CDP Register 

0 

1 

0 

R/W 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Y1 

YO 

00 

DRAM1 

0 

1 

1 

R/W 

P3 

P2 

PI 

PO 

Q3 

Q2 

01 

QO 

— 

LUT Address Register 

1 

1 

1 

W 

XPE 

RE 

GE 

BE 

A3 

A2 

A1 

AO 

00 

LUT2 

2 

1 

1 

R 

- 

- 

- 

- 

D3 

D2 

D1 

DO 

— 

LUT Data Register 

2 

1 

1 

W 

- 

- 

- 

- 

D3 

D2 

D1 

DO 

— 

Switch Register 

3 

1 

1 

W 

NHS 

S21 

EXT 

LS 

TST 

1 ~ 

- 

- ‘ 

F8 

Y Scroll Register 

4 

1 

1 

W 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Y1 

YO 

00 

TTX Pointer Register 

5 

1 

0 

R/W 

A12 

All 

A10 

A9 

A8 

A7 

A6 

A5 

00 

DRAM Page Register 

6 

1 

1 

W 

- 

- 

- 

- 

- 

P 

VI 

VO 

07 


Notes: 

1. The DRAM is directly accessed and not the CVDG. 

2. Data is transferred from the LUT onto the A/D bus without going through the LUT Data Register. 

3. Reset state upon power up. 

4. R/W = Read/write (R = read only; W = write only; R/W = read or write). 
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Mode Register 

The write-only Mode Register selects the CVDG mode for next 
read from, or write to. the CVDG. In addition, the Mode Register 
contains a submode flag applicable only to Mode 0. The Mode 
Register may be written at any time regardless of the current 
CVDG mode. The mode and submode bits are initialized to ones 
upon power up. 


Register 

A1 

AO 

R/W 

Bit Position { 

7 

6 

5 

4 

3 

2 

1 

0 

Mode 

0 

0 

W 

- 

- 

- 

- 

s 

M2 

Ml 

MO 


SR7 Vertical Blanking (VB) 

0 Vertical blanking is asserted. 

1 Vertical blanking is not asserted. 

SR6 Horizontal Blanking (HB) 

0 Horizontal blanking is asserted. 

1 Horizontal blanking is not asserted. 


MR7-MR4 Not used (no effect) 

MR3 CDP Submode Flag (S) — (Mode 0 only— see Mode 0 
description) 

0 Enable CDP Nibble Submode. Allows read/write of a 
single 4-bit pixel nibble in a byte. 

1 Enable CDP Byte Submode. Allows read/write of two 4-blt 
pixel nibbles in a byte with automatic increment of the 
X CDP for faster storage of LUT addresses in DRAM. 


MR2~MR0 CVDG Mode (M2-^M0) 

(M2) (Ml) 


0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 


0 Mode 0 — Port CDP Graphics 

1 Mode 1 — LUT Address 

0 Mode 2 — LUT Data 

1 Mode 3 — Switch Register 

0 Mode 4 — Y Scroll Offset Register 

1 Mode 5 — Teletext DMA Pointer 

0 Mode 6 — Set DRAM Page 

1 Not used — no effect 


Note that the mode must be written into the Mode Register before 
the desired mode can be executed. 

Status Register 

The read-only Status Register reports the selected CVDG mode, 
the selected DRAM page and the status of the horizontal and 
vertical raster blanking signals. The Status Register may be read 
at anytime regardless of the CVDG mode. 


The horizontal blanking (HB) and vertical blanking (VB) signals 
report the state of the video raster at the time of access. The 
states of these two signals can be used for 15 kHz poll-driven 
timing, vertical blanking interval (VBI) identification, LUT loading, 
etc. These blanking times reflect the non-pixel display time 
including the time actual horizontal and vertical blanking signals 
are generated (for inclusion in composite sync output). 


Register 

A1 

AO 

R/W 

Bit Position | 

7 

6 

5 

4 

3 

2 

1 

0 

Status 

0 

0 

R 


HB 

M2 

M1 

MO 

P 


VO 


SR5--SR3 Mode Selected (M2-M0) 



Reports the current CVDG mode as selected in bits 2-0 


of the Mode 

Register. 

SR5 

SR4 

SR3 


(M2) 

(Ml) 

(MO) 


0 

0 

0 

Mode 0 — Port CDP Graphics 

0 

0 

1 

Mode 1 — LUT Address 

0 

1 

0 

Mode 2 — LUT Data 

0 

1 

1 

Mode 3 — Switch Register 

1 

0 

0 

Mode 4 — Y Scroll Offset Register 

1 

0 

1 

Mode 5 — Teletext DMA Pointer 

1 

1 

0 

Mode 6 — DRAM Page 

1 

1 

1 

Not used — no effect 


SR2-SR0 DRAM Page Selected (P, VI, VO) 


Reports the current DRAM Page selected in bits 2-0 of 
the Page Register (see Mode 6 — Write DRAM Page). 
P is the program RAM page indicator. VO and V1 are the 
video page indicators. 


SR2 SR1 SRO 

0 (^ (VO) Selected DRAM Page 


0 0 
0 0 
0 1 
0 1 

1 0 


0 Video Page 0: 8k-byte video RAM 

1 Video Page 1 ; 8k-byte video RAM 

0 Video Page 2: 8k-byte video RAM 

1 Video Page 3; 2.3k-byte video RAM; 
5.9k-byte program RAM 

0 Program Page: 1 6k-byte optional program 
RAM accessed via DRCS (additionally paged 
by A13 and AO inputs) 


Mode 0 — Port CDP Graphics 

When IOCS is LOW and Mode 0 is selected in the Mode 
Register, the Port Current Drawing Pointer (CDP) Mode is active. 
In this mode display column and row addresses can be written 
to the CVDG Current Drawing Pointer (CDP) X and Y registers, 
respectively, and pixel data accessed in DRAM. This mode is 
primarily used to update LUT addresses (i.e., the CDPs) in the 
video pages of DRAM. These LUT addresses are the video data 
read from the DRAM by the CVDG during the video portion of 
the A/D bus cycle. 
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This mode can be used to write or read data in any of the four 
8k-byte video pages of DRAM defined by the VO and VI bits 
in the CVDG DRAM Page Register. The first three pages (VOO, 
V01 and V10) are used exclusively for video data. 2304 bytes 
(addresses 0-8FF) of the fourth page (V11) are used for video 
data while the rest of the DRAM can be used for program or 
teletext message storage. 

In mode 0, the MPU writes the address of the data in display 
coordinates into the CVDG X CDP and Y CDP registers. The 
X CDP contains the pixel position in the horizontal axis (i.e., the 
display column number) and varies from 0 to 255 (hex F^. Each 
pixel data nibble corresponds to a location (0 to 15) in the color 
look-up table (LUT) from which the corresponding R, G and B 
color levels and transparent bit data are retrieved for color 
generation. The Y CDP contains the pixel position in the vertical 
axis (i.e., the display row number) and varies from 0 to 
255 (hex FF). Only values of 0 to 209 are used by the CVDG 
during the video portion of the A/D bus cycle to access video 
data. Y addresses 210-255 identify DRAM address on video 
DRAM page VII that can contain non-displayable data, i.e,, 
program or teletext data. 


The registers accessible (besides in Mode and Status registers) 
in this mode are: 


Register 

A1 

AO 

R/W 

Bit Position 1 

7 

6 

5 

4 

3 

2 

1 

0 

X CDP 

0 

1 

R/W 

X7 

X6 

X5 

X4 

X3 

X2 

XI 

XO 

Y CDP 

1 

0 

R/W 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Y1 

YO 

DRAM* 

1 

1 

R/W 

P3 

P2 

PI 

PO 

Q3 

Q2 

Q1 

QO 


*Not CVDG Access 


The X CDP Register is accessed at register address 1 (A1 = 0 
and AO = 1) and the Y CDP Register is accessed at register 
address 2 (A1 = 1 and AO = 0). When register address 3 (A1 = 1 
and AO = 1) is detected, the CVDG generates DRAM row and 
column addresses corresponding to the display coordinates 
loaded in the X CDP and Y CDP re^sters. Data is then written 
from the A/D bus to the D^AM (R/W = low) or read from the 
DRAM to the A/D bus (R/W = high). 

There are two submodes in Mode 0 that allow accessing of 
DRAM data at either the nibble (4-bit) or byte (8-bit) level. The 
submode is selected by the S bit (bit 3) in the Mode Register: 

S = 0 CDP Nibble Submode 

S = 1 CDP Byte Submode 

CDP Nibble Submode 

The CDP Nibble Submode (S = 0) reads or writes DRAM data 
one nibble at a time. Eight bits of data corresponding to two 4-bit 
LUT addresses (P3-P0 and Q3-Q0) are on the A/D data bus, 
but only one nibble is read or written during each access. 

When writing the data, the Q nibble should contain the same 
pixel data as the P nibble. Only one of the nibble values is 
strobed into DRAM according to the XO value in the X CDP 
Register which enables the RASL or RASH signal to DRAM 
during the write. If XO = 0, the Q nibble (data bits 3-0) is written 


into the DRAM (row address strobed by RASL); if XO = 1 , the 
P nibble (d ata bits 7-4) is written into the DRAM (row address 
strobed by RASH). 

When reading the data, only one nibble is read depending on 
the state of XO in the X CDP. If XO = 0, the Q nibble is read 
(row address strobed by RASL); if XO = 1 , the P nibble is read 
(row address strobed by RASH). 

Reading or writing the data in this submode has no effect on 
the X CDP or Y CDP register values. 

CDP Byte Access Submode 

The CDP Byte Submode (S = 1) reads or writes two 4-bit LUT 
addresses at a time (in one byte) with an automatic increment 
of the X CDP value in the X CDP Register during write. Each 
write of the DRAM data writes the eight data bits on AD0-AD7 
Into DRAM and increments the X CDP by two upon the comple- 
tion of the write cycle. (The new X CDP count can be read from 
the X CDP Register at any time.) As writing of the data continues, 
the X CDP value eventually wraps around to zero and continues 
incrementing. The Y CDP Register value must be incremented 
by writing a new Y CDP value. The automatic increment of 
X CDP value allows fast horizontal drawing for filling of polygon 
and rectangle type shapes (i.e., no intervening X CDP update 
is required). Note that the filled boundaries must be addressed 
by the horizontal line software since the XO value has no effect 
in this submode. 

This feature is useful for fast non-modulo 210 Y scrolling with 
quick reads/writes interleaved by old/new Y address updates. 
Note that when S = 1 in the Mode Register, the XO value has 
no effect (the P nibble corresponds to XO = 1 and the Q nibble 
corresponds to XO = 0). 

Reading of the DRAM data in this submode does not effect the 
X CDP count. 

CVDG PARAMETER I/O ACCESS 

Six CVDG Parameter Access modes allow the MPU to load con- 
trol parameters Into CVDG internal registers. Two of the modes 
also allow the MPU to read the parameter values from registers. 
The exact mode and access is controlled by the selected mode 
In the Mode Register and the register select Input lines (A1 
and AO). 

Mode 1 — LUT Address 

In Mode 1 , data written to register address 3 (A1 = 1 and 
AO = 1) is loaded into the LUT Address Register. Four bits 
control LUT write and read and the other four bits contain the 
actual LUT address. Bits 7-4 (XPE, RE, GE and BE) enable 
writing into, or reading from, corresponding sections of the LUT 
(i.e., XPAR, R, G and B) during Mode 2 access. Bits 3-0 in the 
register contain the LUT address (0-15) accessed during 
Mode 2. 


Register 


AO 

R/W 

Bit Position | 

7 

6 

5 

4 

3 

2 

1 

0 

LUT Address 

Jj 

1 

W 

XPE 

RE 

GE 

f'.E 

A3 

A2 

A1 

AO 
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PR7 Transparent Enable (XPE) During a read, data is transferred from the LUT directly to the 

A/D bus without going through the LUT Data Register. XPAR is 

0 Disable XPAR write or read not availabe for readback. 

1 Enable XPAR write or read 


DR6 Red Enable (RE) 

0 Disable R write or read 

1 Enable R write or read 

DR5 Green Enable (GE) 

0 Disable G write or read 

1 Enable G write or read 

DR4 Blue Enable (BE) 

0 Disable B write or read 

1 Enable B write or read 

DR3-DR0 LUT Address (A3-A0) 

DR3 DR2 DR1 DRO 

(A3) (A2) (A1) (AO) 

0 0 0 0 LUT address 0 

0 0 0 1 LUT address 1 

1111 LUT address 15 

The LUT address In the LUT Address Register, rather than the 
LUT addresses read from DRAM, Is also used to lookup the color 
level code in the LUT during the active display time (border and/or 
pixel) in two circumstances: 

1. Outside the 256 x 210 graphics area, i.e., to generate the 
border color. Note that programs loading the LUT during the 
vertical blanking interval (VBI) must restore the address of the 
border color In the LUT into the LUT Address Register prior 
to unblanking. 

2. Within the 256 x 210 graphics area when the LS bit = 0 in 
the Switch Register. 

Mode 2 - LUT Data 

In Mode 2, LUT data (i.e., color levels and transparent state) 
written to, or read from, register address 3 (A1 = 1, AO = 1) 
is loaded into, or read from the LUT at the LUT address con- 
tained in the LUT Address Register. Only the section (R, G, B 
and/or XPAR codes) of the LUT entry enabled by bits 7-4 in the 
LUT Address Register are accessed. Normally only one enable 
bit at a time is set to a 1 . During a write, data will be written 
into each LUT section enabled. During a read, ambiguous data 
will be accessed if more than one enable bit is set. 

The transparent state (XPAR) is only one bit (D3). The other three 
data bits (D2-D0) are don’t care. 

During a write, the data on the A/D bus is written into the CVDG 
LUT Data Register. The LUT Address Generator latches the 4-bit 
LUT address from the LUT Data Register rather than from the 
Video Shift Register. The LUT Address Generator then 
generates the 16-bit binary address for routing to the LUT. The 
LUT is loaded in a similar manner as described for pixel color 
generation. 






Bit Position 

Register 

A1 

AO 

R/W 

^I®|5|4|3|2|i|0 

LUT Data* 

1 

1 

RM 

o 

Q 

5 

CVJ 

Q 

CD 

Q 

I 

I 

I 

’During a read, data is transferred directly from LUT to A/D bus 
without going through LUT Data Register. 


DR7-DR4 Not used (no effect) 


DR3-DR0 Color Level Code or Transparent Bit State 
IM D2 ^ DO R, G or B Color Output Level 

0 0 0 0 Color output level 0 

0 0 0 1 Color output level 1 


1 1 1 Color output level 15 

D3 02 D1 DO XPAR Output Level 

0 X X X XPAR output LOW 

1 X X X XPAR output HIGH 

(X = no effect) 

Mode 3 — Switch Register 

In Mode 3, switch position data (represented by bit states) written 
to register address 3 (A1 = 1,A0 = 1) is loaded into the CVDG 
Switch Register. Three bits control video raster operation, one 
bit controls the LUT address access source, and one bit enables 
the CVDG test mode. All five bits are set to a 1 by power up. 






Bit Position 

Register 

A1 

AO 

R/W 

7 6 5 4 3 2 1 0 

Switch 

1 

1 

W 

NHS S21 EXT LS TST — — — 


DR7 Normal Horizontal Sync (NHS) Select 

0 Early 15.9 kHz (HSYNC) Output 

1 Normal 15.7 kHz HSYNC Output 


DR6 2:1 interlace Select (S21) 

0 1:1 interlace 

1 2:1 interlace 

DR5 External Sync Select (EXT) 

0 Internal sync output on VSYNC (C/HSYNC output 

enabled. 

1 External sync input on VSYNC (C/HSYNC output 
disabled) 

DR4 LUT Address Select (LS) 

0 Select the LUT Address Register as the LUT address 
source 

1 Select Video Shift Register data as LUT address source 

DR3 Test Mode Select (TST) 

0 Normal mode; Vertical state machine (VSM) and Y 
address counter (YAC) run at normal rate 

1 Test mode; VSM and YAC run at 1.413 MHz (used for 
factory test only) 
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Mode 4 — Y Scroll Register 


DR7--DR3 Not Used (no effect) 


In Mode 4, a Y scroll offset value written to register address 3 
(A1 = 1 , AO = 1) is loaded into the Y Scroll Register, The Y scroll 
offset may vary from 0 to 209 (decimal). The value written defines 
the first horizontal row to be displayed at the top of the 
256 X 210 graphics image area. 


Register 

A1 

AO 

R/W 

Bit Position 1 

7 

6 

5 

4 

3 

2 

1 

0 

Y Scroll 

1 j 

1 

W 

Y7 

Y6 

Y5 

Y4 

V3 

V2 

E 

VO 


DR7-DR0 Y Scroll Offset 

0000000 Offset = 0 
0000001 Offset = 1 

11010001 Offset = 209 (maximum allowed) 


Mode 5 — Teletext DMA Pointer 

In Mode 5, an 8-bit Teletext pointer written to register address 2 
(A1 = 1, AO = 0) is loaded into the TTX Pointer Register and 
Counter. The pointer, consisting of address bits A12-A5 
specifies the starting address on a 32-byte boundary for the DMA 
transfer of teletext data into video page 3 of DRAM. During a 
teletext DMA data transfer, the Modulo 32 Teletext Counter is 
incremented by one upon each DMA byte transfer. The TTX 
Pointer Register is incremented by one every 32 bytes. The value 
of the Teletext Pointer can be read at any time in Mode 5. 


Register 

A1 

AO 

R/W 

I Bit Position | 

7 

6 

5 

4 

3 

2 

1 

0 

Teletext Pointer 

1 


R/W 

A12 

All 

A10 

A9 

A8 

A7 

A6 

A5 


The status of the P, Vi and VO in the Mode/Status Register are 
unchanged during a Teletext DMA data transfer. 


Mode 6 ~ Set DRAM Page 

In Mode 6, data written to register address 3 (A1 = i , AO = 1) 
is loaded into the DRAM Page Register. The data contains a 
3-bit DRAM page select code and five unused bits (don’t care). 
These DRAM page select bits specify the 8k- byte DRAM page 
accessed during a MPU DRAM access (DRCS = low) when A13 
input is LOW. The DRAM page bits can be read from the Status 
Register at any time. 


PR2-DR0 Selected DRAM Page 


DR2 DR1 DRO 
(P) (VI) (VO) 


0 0 
0 0 
0 1 
0 1 

1 0 


0 Video Page 0: 8k-byte video RAM 

1 Video Page 1: 8k-byte video RAM 

0 Video Page 2: 8k-byte video RAM 

1 Video Page 3: 2.3k-byte video RAM; 
5.9k-byte program RAM 

0 Program Page 0: 1 6k-byt e optional program 
RAM accessed via DRCS (additionally paged 
by A13 and AO inputs) 


MPU DRAM I/O ACCESS 

When DRCS is LOW, the MPU directly accesses the DRAM in 
an address map manner. The MPU generates the DRAM row 
and column addresses (except for two column address lines 
which are driven by the CVDG). The CVDG drives the ADS and 
ADS lines durin g DRAM column add ress tim e and also outputs 
control signals (RTIME, CTIME and DTIME) to enable external 
A/D bus buffers. MPU address line A 1-A8 ar e enabled onto A/D 
bus lines AD0-AD7, respectively, by RTIME to drive the DRAM 
row address. MPU address line A9- A12 are enabled onto A/D 
bus lines AD1-AD4, respectively, by CTIME to drive the DRAM 
column address. The C VDG dri ves ADS and ADS with one of 
two sets of signals duri ng CTIM E. External bidirectional data line 
buffers ^ enabled by DTIME in the direction controlled by the 
MPU R/W output to transfer data between the MPU data bus 
lines D0-D7 and ND bus lines AD0-AD7. 

A13 Input high causes program DRAM to be accessed during 
the processor portion of the ND bus in dependent of the P bit 
value in the DRAM Page Register. CASP Is asserted in response 
to the A13 HIGH to strobe the column address lines into pro- 
gram DRAM. 

When A13 input is LOW, the section of DRAM accessed depends 
on the P bit value in the DRAM Page Regist er and the AO input. 
If P = 0, video DRAM is accessed; CAS1 is generated when 
AO is LOW and CAS2 is generated when AO is HIGH. If P = 1 , 
pr ogram D RAM is accessed since CASP is generated instead 
of cast or CAS2 to strobe the DRAM column address. 

The ADS and ADS outputs are driven by the CVDG during DRAM 
column address generation in the processor portion of the A/D 
bus cycle as controlled by the P bit in the DRAM Page Register. 
If video DRAM is selected (P = 0), the VO and VI bits in the 
DRAM Page Register are output on ADS and ADS, respectively. 
If program DRAM is selected (P = 1), the AO and A13 inputs 
are output on ADS and ADS, respectively. 


Register 

A1 

AO 

R/W 

Bit Position | 

7 

6 

5 

4 

3 

2 

1 

0 

DRAM Page 


1 

W 

- 

- 

- 

- 

- 

P 

VI 

VO 


Note that the DRAM req uires asser tion of al l three control si gnals 
for a valid_access (i.e., RAS, CAS and OE for a read and RAS, 
CAS and W for a write). The CVDG sometimes outputs one or 
two of these signals but not all three control signals in "no 
access” situations. 


2-97 






R6549 


Color Video Display Generator (CVDG) 


TELETEXT DMA I/O ACCESS 

Teletext data can be DMA transferred from a teletext prefix 
processor connected to the A/D bus to DRAM locations 
addressed by the CVDG. A 13-blt TTX Latch/Counter determines 
the DRAM address. The upper 8-bits of the TTX Counter is a 
latch. The value of the latch is defined by the TTX Pointer 
Register which can be loaded in Mode 5 by writing to register 
address 2 (A1 =1 and AO = 0). The TTX Pointer Register value 
therefore defines the TTX DMA starting address on a 32-byte 
boundary. The lower 5-bits of the TTX Latch/Counter is a 
modulo 32 counter. This counter increments by one after each 
TTX byte transfer. When the counter overflows (i.e., from 31 to 0) 


the upper count is incremented by one to increment the total 
address. The address Is reset to zero during horizontal blank- 
ing. The upper count may be read from the TTX Pointer Register 
at any time in Mode 5. 

TTX DMA transfer is initiated by asserting TTX REQ to the 
CVDG. The CVDG as serts TTX Output Enable (TTXOE) to 
acknowledge TTXREQ receipt, suspends outputting the E and 
Q clocks for one cycle, outpu^ the 13-bit DRAM address and 
asserts DRAM Write Enable (W) to enable writing into DRAM. 

Note that DMA must be used only when the horizontal sync is 
genlocked to the external teletext raster. 
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oiPTioiui. i«KBrr. 




NOTES: 1. GASP allows memory management of many program RAM pages in 16K-byte blocks 
(TMS441 6-120 RAM devices may be required for extended A/D bus). 

2. Page bits may come from address decoder or static outputs of a parallel port. 


0 = OPTIONAL 


Figure 6. CVDG Connection to A/D Bus and DRAM 
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Figure 7. CVDG Application Schematic (Typical) (Sheet 1 of 2) 
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AC CHARACTERISTICS 

(Vcc = 5.0V ±5%. Vss = 0) 


MPU CLOCK AND CONTROL LINE TIMING 


Ref. Fig. 8 








No. 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Notes 

1 

^ECYC 

E Cycle Time 

700 

698 


ns 

1 

2 

tp t, 

E and Q Rise and Fall 


25 


ns 


3 

klEH 

E Low to E High 


350 


ns 


4 

*EHEL 

E High to E Low 


350 


ns 


5 

'elqh 

E Low to Q Rising 


175 


ns 


6 

Iqheh 

Q High to E Rising 


175 


ns 


7 

*EHOL 

E High to Q Falling 


175 


ns 


8 

'OLEL 

Q Low to E Falling 


175 


ns 


9 

*SLEH 

Chip Select Low to E Rising (Setup) 


70 


ns 


10 

^SHEH 

Chip Select High to E Rising (Hold) 


0 


ns 


11 

^EHQV 

E High to Data Valid (Read) 



240 

ns 


12 

^ELOZ 

E Low to Output High Z (Read) 


10 


ns 


13 

'dvel 

Data Valid to E Falling (Write) 

100 



ns 


14 

^ELDZ 

E Falling to Data Invalid (Write) 


30 


ns 


Note: 





1. Based on 28.636363 MHz SYSCLK input. 
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-@- 


-©- 


AO, A1, A13 
IOCS, ORCS ' 


R/W 


AD0-AD7 

(READ) 0OCS = L,R/W = H) 


AD0-AD7 

(WRITE) 


(IOCS = L,R/W = L) 




-© 


©H 




-©-^ 


- 0 - 


-®- 


-® 


®- 



CVDG DATA 
VALID-WRITE 


Figure 8. CVDG-MPU A/D Bus Timing Waveforms 
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DRAM TIMING — VIDEO ACCESS CYCLE 


Ref. Fig. 9 

No. 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Notes 

1 

Mlrtl 

RAS Low to RTIME Low (Delay) 


315 


ns 


2 

^RTLRTH 

RTIME Low to RTIME High 


70 


ns 


3 

*RLCTL 

RAS Low to CTIME Low (Delay) 


35 


ns 


4 

^CTLCTH 

CTIME Low to CTIME High 


87 


ns 


5 

^RLDTL 

RAS Low to DTIME Low (Delay) 


122 


ns 


6 

^DTLDTH 

DTIME Low to DTIME High 


157 


ns 


7 

^RC 

RAM ReadMrite Cycle 


350 


ns 


8 

*RP 

RAS High Width 


105 


ns 


9 

^AS 

RAS Low Width 


245 


ns 


10 

<RCD 

RAS Low to CAS Low (Delay) 


70 


ns 


11 

*CAS 

CAS Low Width 


245 


ns 


12 

^CSH 

RAS Low to CAS Rising (Delay) 


315 


ns 


13 

*RSH 

CAS Low to RAS Rising (Delay) 


175 


ns 


14 

*CPN 

CAS High Width 


105 


ns 


15 

^CRP 

CAS High to RAS Falling (Delay) 


35 


ns 


16 

t. 

RAS and CAS Transition Times 


5 


ns 


17 

*RCS 

Read Command Setup 


105 


ns 


18 

USR 

Row Address Setup 


35 


ns 


19 

^RAH 

Row Address Hold 


35 


ns 


20 

Use 

Column Address Setup 


35 


ns 


21 

^CAH 

Column Address Hold 


70 


ns 


22 

Ur 

RAS Low to Column Hold 


140 


ns 


23 

Uac 

RAS Low to Data Valid (Setup) 



150 

ns 


24 

^CAC 

CAS Low to Data Valid (Setup) 



80 

ns 


25 

Ulgil 

RAS Low to OE1 Low (Delay) 


140 


ns 


26 

^GLGHr 

OE Low to ^ High 


70 


ns 


27 

*OEA 

OE Low to Data Valid (Setup) 

0 


40 

ns 


28 

tOEZ 

OE High to Output High Z (Hold) 

0 


35 

ns 


29 

UlG2L 

RAS Low to OE2 Low (Delay) 


210 


ns 



DRAM TIMING - MPU DRAM. ACCESS CYCLE 


Ref. Fig. 9 

No. 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Notes 

30 

Urh 

Read Command Hold After RAS High 


280 


ns 


31 

UcH 

Read Command Hold After CAS High 


210 


ns 


33 

^GLGH 

OE1, OE2 Low to OEI, OE2 High 


140 


ns 


36 

^DS 

Data Setup 


12 


ns 


37 

twp 

W Low to W Hig^ 


140 


ns 


38 

'dh 

Data Hold After W Low 


70 


ns 


39 

^DHC 

Data Hold After CAS Low 


175 


ns 


40 

^DHR 

.Data Hold After RAS Low 


245 


ns 


41 

twCR 

Write Command Hold After RAS Low 


315 


ns 


42 

WCH 

Write Command Hold After CASP Low 


245 


ns 


43 

UWL 

Write Command Setup before RAS Rising 


70 


ns 


44 

'eWL 

Write Command Setup before CAS Rising 


140 


ns 
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W 

(MPU READ) 


VIDEO 
COL ADDR 


AD0-AD7 
(MPU READ) 


W 

(MPU WRITE) 


DATA 

VALID-READ 





( 27 )^ H >\ 

►W 26 W 


AD0-AD7 
(MPU WRITE) 


DATA r V: 

VALID-WRITE\^ L-(38)- 


Figure 9. CVDG-DRAM A/D Bus Timing Waveforms 
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TELETEXT DMA CYCLE TIMING 


Ref. Fig. 10 

No. 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Notes 

1 

Irlel 

TTXREQ Low lo E Low (Setup) 


80 


ns 


2 

^ELRH 

E Low to TTXREQ High (Hold) 


10 


ns 


3 

•elgl 

E Low to TTXOE Low 


595 


ns 


4 

*GLGH 

TTXOE Low to TTXOE High j 


140 1 


ns 



NORMAL CYCLE TTX DMA CYCLE NORMAL CYCLE 



Figure 10. Teletext Prefix Processor — CVDG Timing Waveforms 


HORIZONTAL VIDEO TIMING 


Ref. Fig. 11 

No. 

Symbol 

Parameter 

Min. 

Typ. 

— 

Max. 

Unit 

Notes 

1 


H Sync to Setup 

9.3 

9.4 

9.5 

MS 

1 

2 


H Front Porch 

1.4 

1.5 

1.6 

MS 

1 

3 


H Sync to XPAR 

— 

10.16 


MS 

2 

4 


XPAR Front Porch 

— 

2.79 

_ 

MS 

2 

5 


H Sync to Border 1 

— 

8.38 

— 

MS 

2 

6 


H Sync to Graphics 

— 

12.57 

— 

MS 

2 

7 


H Sync to Border 2 

— 

57.27 

— 

MS 

2 

8 


Border Front Porch 

— 

2.79 

— 

MS 

2 

9 


H Sync Tip 

— 

4.81 

— 

MS 

2 

'10 


H Period (Normal) 

— 

63.556 

— 

MS 

2 

11 


H Period (Early) i 

— 

62.857 

— 

MS 

2 

Notes: 1. RS-170A Specification (shown for reference only). 

2. iO.I/iS; based on 28.636363 MHz SYSCLK input. 
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EXTERNAL 

VIDEO 

REFERENCE 


XPAR 

OUTPUT 


RGB VIDEO 
OUTPUT 


C/HSYNC OUTPUTS: 


CSYNC 

OUTPUT 


HSYNC 

NORMAL 

OUTPUT 


HSYNC 

EARLY 

OUTPUT 



Figure 11. Horizontal Video Output Timing Waveforms 
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Vertical Cycle Timing 


Ref. Fig. 12 

No. 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Notes 

1 

Vsu 

VSYNC Low Input to First Serration Setup 

20 

— 

— 

ns 

3 

2 

Vh 

VSYNC Low Input Pulse Duration 

63,5 

— 

— 

fiS 

3 

— 


VSYNC Low Output Pulse Duration (Burst Blank) 

19 

— 

— 

H 

1 

— 


V Blank Duration 

52 

— 

— 

H 

1 

— 


V Unblank to Graphics Duration (Top Border) 

21 

— 

— 

H 

1 

— 


Graphics to V Blank Duration (Bottom Border) 

31 

— 

— 

H 

1, 2 

Notes: 1. H = 

HSYNC pulse width (63.5 ^lS) 






2. 2:1 interlace mode 







3. Shown for reference only— not an R6549 requirement. 







EXTERNAL 

SYNC 

REFERENCE 

(FROM 

EXTERNAL 

CIRCUIT) 




VSYNC INPUT 


a. Vertical Synchronization 


CSYNC 

OUTPUT 


BLACK NEGATIVE 

DIRECTION time— ► 

i I 

■nrirniTTTllTljLJLILIlJlJirTTllT^ 

3H 3H 4*- 3H 1 

EQUALIZING PULSE VERT SYNC EQUALIZING — 9 TO 12 H PULSES 

INTERVAL PULSE PULSE ! 

. , I INTERVAL INTERVAL i | 

[-O.SH I^Ti + V I^hH 1 

nrTTTimiinLfuiJixfuirTTTTTrnr^ 


b. RS-170A Composite Sync VBI Timing Specifications 


Figure 12. Vertical Cycle Waveforms— 2:1 Interlace 
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TELETEXT DMA CYCLE TIMING 


Ref. Fig. 13 

No. 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Notes 

1 

^ELPL 

E Low to PIXCK High 


0 


ns 


2 

^PHPL 

PIXCK High to PIXCK Low 


70 


ns 


3 

^PLPH 

PIXCK Low to PIXCK High 


105 


ns 


4 

'PCYC 

PIXCK Cycle 


175 


ns 
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DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vss = OV, Ta = 0°C to 70°C, unless otherwise noted) 


Parameter 

Symbol 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

Input High Voltage 

SYSCLK 

IOCS, DRCS, TTXREQ, AO, A1. A13, R/W, 

VSYNC, AD0-AD7 

V|HC 

V,H 

Vcc - 0.75 
Vss -*• 2.0 

- 

< < 
o o 
o o 

V 


Input Lo\w Voltage 

SYSCLK 

IOCS, DRCS, TTXREQ, AO, A1, A13, RA^/ 

VSYNC, AD0-AD7 

< < 

o 

Vss - 0.3 
Vss - 0.3 

- 

Vss 0.4 
Vss + 0.8 

V 


Input Leakage Current 

l|L 

— 



± 10 


V|N = OV to 5.25V 

Vcc = 0 

Output High Voltage 

E 

Q, RTIME, CTIME, DTIME, 

RASL, RASH, W 

CAS1, CAS2, CASP, OE1, OE2, TTXOE, 

C/HSYNC, VSYNC, CSUBC, PIXCK, XPAR 

AD0-AD7 

I 

O 

> 

Vcc - 0.75 

Vss + 2.4 

Vss + 2.4 

- 

- 

V 

Vcc = 4.75V 

Iqh = -0.14 mA 

Note 1 

Iqh = -80 fiA 

Note 2 

Iqh = - 1 70 /tA 

Note 3 

Output Low Voltage • 

E 

Q, RTIME, CTIME, DTIME, 

RASL, RASH, W, 

CAS1, CAS2, CASP. OE1, OE2, TTXOE. 

C/HSYNC. VSYNC, CSUBC, PIXCK, XPAR 

AD0-AD7 

VoL 

- 

- 

Vss + 0.4 

Vss + 0.4 

Vss 0.4 

V 

Vcc = 4.75V 

Iql = 1.7 mA 

Note 1 

Iql = 1.6 mA 

Note 2 

Iql = 3.0 mA 

Note 3 

Output Leakage Current 
(Off-State) 

AD0-AD7 

•off 

- 


±20 

/^A 

V|N = 0 to 5.25V 

Output High Voltage 

R. G, B 

VvH 


-1-2.800 


V 

Cl = 30 pF 

Rl = 10K Ohms 
tf/t, = 50 ns 

Output "Low Voltage 

R, G, B 

VVL 

— 

-1-1.875 

— 

V 

Output Blanking Voltage 

R. G. B 

VvB 

— 

-1-1.800 

— 

V 

Input Capacitance^ 

SYSCLK 

IOCS, DRCS, TTXREQ. AO. A1. A13, R/W, 

VSYNC, AD0-AD7 

C|N 



10 

5 

pF 

Vcc = 5.0V, chip 
deselected, pin 

Under test at OV, 

Ta = 25‘>C. 
f = 0.986 MHz 
(SYSCLK 
= 28.6363 MHz) 


Notes: 

1. Output Load: 1 TTL gate; Cl = 140 pF 

2. Output Load: 1 TTL gate; Cl = 100 pF 

3. Output Load: 6 DRAM, 2 LS244 buffers and 1 LS245 transceiver; Cl = 180 pF 

4. This parameter is periodically sampled and is not 100% tested. 
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ABSOLUTE MAXIMUM RATINGS* 

•NOTE: Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 
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R6551 


Asynchronous Communications 

Rockwell 

Interface Adapter (ACIA) 


DESCRIPTION 


FEATURES 


The Rockwell R6551 Asynchronous Communications Interface 
Adapter (ACIA) provides an easily implemented, program con- 
trolled interface between 8-bit microprocessor-based systems 
and serial communication data sets and modems. 

The ACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate 
can be selected under program control to be either 1 of 15 dif- 
ferent rates from 50 to 19,200 baud, or at Vie times an external 
clock rate. The Receiver baud rate may be selected under pro- 
gram control to be either the Transmitter rate, or at Vie times 
an external clock rate. The ACIA has programmable word 
lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, iy 2 , or 
2 stop bits. 

The ACIA is designed for maximum programmed control from 
the microprocessor (MPU), to simplify hardware implementa- 
tion. Three separate registers permit the MPU to easily select 
the R655TS operating modes and data checking parameters 
and determine operational status. 

The Command Register controls parity, rec eive r echo mode, 
transmitter interrupt control, the state of th e RTS line, receiver 
interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The S tatus Register indicates the states of the IRQ, DSR, and 
DCD lines. Transmitter and Receiver Data Registers, and 
Overrun, Framing, and Parity Error conditions. 

The Transmitter and Receiver Data Registers are used for tem- 
porary data storage by the ACIA Transmit and Receiver circuits. 


ORDERING INFORMATION 


Part No.: R6551___ 

^Temperature Range (TlIo Th): 
Blank = 0°C to +70°C 
E = -40°C to +85°C 

L— Package; 

C = Ceramic 
P = Plastic 

— Frequency Range: 

No Letter = 1 MHz 
A = 2 MHz 


• Compatible with 8-bit microprocessors 

• Full duplex operation with buffered receiver and transmitter 

o Data set/modem control functions 

• Internal baud rate generator with 15 programmable baud 
rates (50 to 19,200) 

• Program-selectable internally or externally controlled receiver 
rate 

• Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

• Programmable interrupt control 

• Program reset 

• Program-selectable serial echo mode 

• Two chip selects 

• 2 or 1 MHz operation 

• 5.0 Vdc ± 5% supply requirements * 

• 28-pin plastic or ceramic DIP 

• Full TTL compatibility 

• Compatible with R6500, R6500/* and R65C00 micro- 
processors 



Figure 1. R6551 ACIA Pin Configuration 


Document No. 29651N90 


Product Description 
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Asynchronous Communications interface Adapter (ACiA) 



CTS 


TxD 


OCO 

DSR 

RxC 

)CTLI 

XTLO 

DTR 

RTS 


RxO 


Figure 2. ACIA Internal Organization 


FUNCTIONAL DESCRIPTION 

A block diagram of the ACIA is presented in Figure 2. A descrip- 
tion of each functional element of the device follows. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the inter- 
naj_data bus. The Data Bus Buffer is bi-directional. When the 
R/W line is low and the chip is selected, the Data Bus Buffer 
writes the data from the_system data lines to the ACIA internal 
data bus. When the R/W line is high and the chip is selected, 
the Data Bus Buffer drives the data from the internal data bus 
to the system data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in 
the Status Register, if ena bled. Bits 5 and 6 correspond to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 
logic. Bits 3 and 4 correspond to the Receiver Data Register full 
and the Transmitter Data Register empty conditions. These con- 
ditions can cause an interrupt request if enabled by the Com- 
mand Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal registers 
for a data transfer on the internal data bus and the direction of the 
transfer to or from the register. 

The registers are selected by the Register Select (RS1 , RSO) and 
Read/Write (R/W) lines as described later in Table 1. 


TIMING AND CONTROL 

The Timing and Control logic controls the timing of data transfers 
on the internal data bus, the registers, the Data Bus Buffer, the 
microprocessor data bus, and the hardware reset. 

Timing is controlled by the system 02 clock input. The chip will 
perform data transfers to or from the microcomputer data bus dur- 
ing the 02 high period when selected. 

All registers will be in itialized by the Timing and Control Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state of the registers following a hardware 
reset. 


TRANSMITTER AND RECEIVER DATA REGISTERS 

These registers are used as temporary data storage for the 
ACIA Transmit and Receive Circuits. Both the Transmitter and 
Receiver are selected by a Register Select 0 (RS0)_and Register 
Select 1 (RSI) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. 

Bit 0 is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are "don’t care’’. 

The Receiver Data Register holds the first received data bit in 
bit 0 (least significant bit first). Unused high-order bits are ‘‘0’’. 
Parity bits are not contained in the Receiver Data Register. They 
are stripped off after being used for parity checking. 
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STATUS REGISTER 

The Status Register indicates the state of interrupt conditions and 
other non-interrupt status information. The interrupt conditions are 
Data Set Ready and Data Carrier Detect transitions, Transmitter 
Data Register Empty and Receiver Data Register Full as reported 
in bits 6 through 3, respectively. If any of these bits are set, the 
Interrupt (IRQ) indicator (bit 7) is also set. Overrun, Framing Error, 
and Parity Error are also reported (bits 2 through 0 respectively). 


7 6 5 4 3 2 1 0 









1 

IRQ 

DSR 

DCD 

TDRE 

RDRE 

OVRN 

FE 

H 


Bit 7 Interrupt (IRQ) 

0 No interrupt 

1 Interrupt has occurred 

Bit 6 Data Set Ready (DSR) 

0 DSR low (ready) 

1 D$R high (not ready) 

Bit 5 Data Carrier Detect (DCD) 

0 DCD low (detected) 

1 DCD high (not detected) 

Bit 4 Transmitter Data Register Empty 

0 Not empty 

1 Empty 

Bit 3 Receiver Data Register Full 

0 Not full 

1 Full 

Bit 2 Overrun* 

0 No overrun 

1 Overrun has occurred 

Bit 1 Framing Error* 

0 No framing error 

1 Framing error detected 

Bit 0 Parity Error* 

0 No parity error 

1 Parity error detected 

*No interrupt occurs for these conditions 

Reset Initialization 


Hardware reset 
Program reset 


7 6 5 4 3 2 1 0 



= 

— 

1 

0 

0 

0 

0 

3 


- 


- 

0 

- 



Parity Error (Bit 0), Framing Error (Bit 1), and 
Overrun (Bit 2) 

None of these bits causes a processor interrupt to occur, but they 
are normally checked at the time the Receiver Data Register is 
read so that the validity of the data can be verified. These bits are 
self clearing (i.e., they are automatically cleared after a read of the 
Receiver Data Register). 


Receiver Data Register Full (Bit 3) 

This bit goes to a 1 when the ACIA transfers data from the Receiver 
Shift Register to the Receiver Data Register, and goes to a 0 (is 
cleared) when the processor reads the Receiver Data Register. 


Transmitter Data Register Empty (Bit 4) 

This bit goes to a 1 when the ACIA transfers data from the Trans- 
mitter Data Register to the Transmitter Shift Register, and goes 
to a 0 (is cleared) when the processor writes new data onto the 
Transmitter Data Register. 

NOTE: There is a delay of approximately /i6 of a bit time after 
TDR becomes empty/full before this flag is updated. 


Data Carrier Detect (Bit 5) and Data Set Ready 
(Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. A 0 indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change state, 
an immediate processor interrupt (IRQ) occurs. When the inter- 
rupt occurs, the status bits indicate the levels of the inputs immedi- 
ately after the change of state occurred. Subsequent level changes 
will not affect the status bits until after the Status Register has been 
interrogated by the processor. At that time, another interrupt will 
immediately occur and the status bits will reflect the new input 
levels. These bits are not automatically cleared (or reset) by an 
internal operation. 


Interrupt (Bit 7) 

This bit goes to a 1 whenever an interrupt condition occurs and 
goes to a 0 (is cleared) when the Status Register is read. 
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CONTROL REGISTER 

The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 


7 

6 

5 

4 

3 

2 

1 

0 

SBN 

WL 

RCS 

SBR 

WL1 I 

WLO 

SBR3 

SBR2 

SBR1 

SBR0| 


Bit 7 Stop Bit Number (SBN) 

0 1 Stop bit 

1 2 Stop bits 

1 1 V 2 Stop bits 

For WL = 5 and no parity 
1 1 Stop bit 

For WL = 8 and parity 

Bits 6-5 Word Length (WL) 

6 5 No. Bits 

0 0 8 

0 1 7 

1 0 6 

1 1 5 

Bit 4 Receiver Clock Source (RCS) 

0 External receiver clock 

1 Baud rate 


Bits 3-0 Selected Baud Rate (SBR) 


_3_ ^ J_ 

0 0 0 0 

0 0 0 1 

0 0 10 

0 0 11 

0 10 0 

0 10 1 

0 110 
0 111 
10 0 0 

10 0 1 

10 10 
10 11 
110 0 
110 1 
1110 
1111 

Reset Initialization 
7 6 5 4 3 2 1 0 

|o|o|o|oIo|o|o[o 


Baud 

16x External Clock 

50 

75 

109.92 

134.58 

150 

300 

600 

1200 

1800 

2400 

3600 

4800 

7200 

9600 

19,200 


Hardware reset (RES) 
Program reset 


Selected Baud Rate (Bits 0, 1, 2, 3) 

These bits select the Transmitter baud rate, which can be at 
Vi 6 an external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 

If the Receiver clock uses the same baud rate as the transmitter, 
then RxC becomes an output and can be used to slave other 
circuits to the ACIA. Figure 3 shows the Transmitter and Receiver 
layout. 



Figure 3. Transmitter/Receiver Clock Circuits 


Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A 0 causes 
the Receiver to operate at a baud rate of Vis an external clock. 
A 1 causes the Receiver to operate at the same baud rate as 
is selected for the transmitter. 

Word Length (Bits 5, 6) 

These bits determine the word length to be used (5, 6, 7 or 8 
bits). 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A 0 always 
indicates one stop bit. A 1 indicates 1 V 2 stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word length 
is 8 with parity selected, or 2 stop bits in all other configurations. 
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COMMAND REGISTER 


Data Terminal Ready (Bit 0) 


The Command Register controls specific modes and functions. 

7 6 5 4 3 2 1 0 


I PMC 

PMC1 

|PMC0| 

Bits 7-6 

7 

6 

0 

0 

0 

1 

1 

0 

1 

1 

Bit 

5 

0 


1 


Bit 

4 

0 

1 


Bits 3-2 

3 

2 

0 

0 

0 

1 

1 

0 

1 

1 

Bit 

1 

0 


1 


Bit 

0 


PME 


REM 


TIC 

TIC1 

TICO 


IRQ 


DTR 


Parity Mode Control (PMC) 

Odd parity transmitted/received 
Even parity transmitted/received 
Mark parity bit transmitted 
Parity check disabled 
Space parity bit transmitted 
Parity check disabled 

Parity Mode Enabled (PME) 

Parity mode disabled 
No parity bit generated 
Parity check disabled 
Parity mode enabled 

Receiver Echo Mode (REM) 

Receiver normal mode 
Receiver echo mode 

Bits 2 and 3 mus t also be zero for receiver 
echo mode, RTS will be low. 

Transmitter Interrupt Control (TIC) 

RTS = High, transmitter disabled* 

RTS = Low, transmit interrupt enabled 
RTS = Low, tansmit interrupt disabled 
RTS = Low, transmit interrupt disabled, 
transmit break on TxD** 

Rec eiver Interrupt Request Disabled (IRD) 

IRQ enabled (receiver) 

IRQ disabled (receiver) 

Data Terminal Ready (D TR) 

Data terminal not re ady (D TR high)* 

Data terminal ready (DTR low) 


This bit enables all selecte d inte rrupts and controls the state of 
the Data Terminal Ready (DTR) line. A 0 ind icate s the micro- 
computer system is not ready by setting the DTR line high. A 
1 indicates the microcomputer system is ready by setting the 
DTR line low. DTR also enables and disables the transmitter 
and receiver. 

Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver from generating an interrupt when 
set to a 1 . The Receiver interrupt is enabled when this bit is set 
to a 0 and Bit 0 is set to a 1 . 

Transmitter Interrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 

Receiver Echo Mode (Bit 4) 

A 1 enables the Receiver Echo Mode and a 0 disables the 
Receiver Echo Mode. When bit 4 is a 1 bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Receiver delayed by one-half bit 
time. 


Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checking. A 0 disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 

Parity Mode Control (Bits 6, 7) 

These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). 

Reset initialization 

7 6 5 4 3 2 1 0 

0|0|0|0|0 |o |o|o| Hardware reset (RES) 

-I— 1-1 0 |o |o |o I o| Program reset 


NOTES 

*The transmitter is disabled immediately. The receiver is 
disabled but will first complete receiving a byte in process of 
being received. 

** A break is transmitted only after the end of a character stream. 
If the Transmit Data Register contains a character, the break is 
not transmitted. 
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INTERFACE SIGNALS 


Read/Write (R/W) 


Figure 4 shows the ACIA interface signals associated with the 
microprocessor and the modem. 


00-07 <Z8Z>\ 


R/W - 
cso - 
^ - 
RSO - 
RSI - 


fi2- 
RES - 


DATA 

BUS 

BUFFERS 


INTERRUPT 

LOGIC 


I/O 

CONTROL 


TIMING 
& CONTROL 
LOGIC 


I 

TRANSMIT 

CONTROL 



TRANSMIT 
DATA & 
SHIFT 

REGISTERS 



STATUS 

REGISTER 



BAUD 

RATE 

GENERATOR 



CONTROL 

REGISTER 



COMMAND 

REGISTER 



RECEIVE 
DATA & 
SHIFT 

REGISTERS 



RECEIVE 

CONTROL 





- DCD 

■ DSR 

- RxC 

■ XTLI 

- XTLO 


DTR 

RTS 


Figure 4. ACIA Interface Diagram 


MICROPROCESSOR INTERFACE 


The R/W input, generated by the microproce^or controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows a 
write to the ACIA. 


Interrupt Request (IRQ) 

The IRQ pin is an interrupt output from the interrupt control logic. 
It is an open drain output, permitting several devices to be con- 
nected to t he co mmmon IRQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. 


Data Bus (D0-D7) 

The eight data line (D0-D7) pins transfer data between the proc- 
essor and the ACIA. These lines are bi-directional and are nor- 
mally high-impedance except during Read cycles when the ACIA 
is selected. 


Chip Selects (CSO, CS1) 

The two chip select inputs are normally connected to the proces- 
sor address lines either directly or t hrou gh decoders. The ACIA 
is selected when CSO is high and CS1 is low. When the ACIA 
is selected, the internal registers are addressed in accordance with 
the register select lines (RSO, RS1). 


Register Selects (RSO, RS1) 

The two register select lines are normally connected to the proc- 
essor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register select 
decoding. 


Reset (RES) 

During system initialization a low on the RES input causes a 
hardware reset to occur. Upon reset, the Command Register and 
the Control Register are cleared (all bits set to 0). The Status 
Register is cleared with the exception of the indications of Data 
Set Rea dy an d Dat a Carr ier Detect, which are externally controlled 
by the DSR and DCD lines, and the transmitter Empty bit, 
which is set. RES must be held low for one 02 clock cycle for a 
reset to occur. 


Input Clock (02) 

The input clock is the system 02 clock and clocks all data trans- 
fers between the system microprocessor and the ACIA. 

NOTE: The specified maximum cycle time for the signal on this 
input is 40 /^s. This specification must be observed to prevent loss 
of data. 


Table 1. ACIA Register Selection 


RS1 

RSO 

Register Operation | 

R/W = Low 

R/W = High 

L 

L 

Write Transmit Data 
Register 

Read Receiver 

Data Register 

L 

H 

Programmed Reset 
(Data is “Don’t 

Care’’) 

Read Status 

Register 

H 

L 

Write Command 
Register 

Read Command 
Register 

H 

H 

Write Control 

Register 

Read Control 

Register 


Only the Command and Control registers can be both read and 
written. The programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through 0 in the Command 
register and bit 2 in the Status Register. The Control Register is 
unchanged by a programmed Reset. It should be noted that the 
progr ammed Reset is slightly different from the hardware Reset 
(RES); refer to the register description. 
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ACIA/MODEM INTERFACE 
Crystal Pins (XTLI, XTLO) 

These pins are normally directly connected to a series mode 
external crystal (1.8432 MHz) to derive the various baud rates. 
Alternatively, an externally generated clock can drive the XTLI pin, 
in which case the XTLO pin must float. XTLI is the input pin for 
the transmit clock. 


Transmit Data (TxD) 

The TxD output line transfers serial nonreturn-to-zero (NRZ) data 
to the modem. The least significant bit (LSB) of the Transmit Data 
Register is the first data bit transmitted and the rate of data trans- 
mission is determined by the baud rate selected or by an external 
clock. This selection is made by programming the Control Register. 


Receive Data (RxD) 

The RxD input line transfers serial NRZ data into the ACIA from 
the modem, LSB first. The receiver data rate is determined by the 
programmed baud rate or by an externally generated receiver 
clock. The selection Is made by programming the Control Register. 

Receive Clock (RxC) 

RxC is a bi-directional pin which is either the receiver 16x clock 
input or the receiver 16x clock output. The latter mode results if 
the internal baud rate generator is selected for receiver data 
clocking. 

Request to Send (RTS) 

The RTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 


Clear to Send (CTS) 

The CTS inp ut pin controls the transmitter operation. The enable 
st ate i s with CTS low. The transmitter is automatically disabled 
if CTS is high. 

Data Terminal Ready (DTR) 

This outp ut pin indicates the status of the ACIA to the modem. 
A low on DTR indicates the ACIA is enabled, a high indicates 
it is disabled. The processor controls this pin via bit 0 of the 
Command Register. 

Data Set Ready (DSR) 

The DSR input pin indicates to the ACIA the status of the 
modem. A low indicates the “ready” state and a high, “not- 
ready.” 

Data Carrier Detect (DCD) 

The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. 

TRANSMITTER AND RECEIVER 
OPERATION 

Continuous Data Transmit 

In the normal operating mode, the interrupt request output (IRQ) 
signals when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads the Status Register of the ACIA, 
the interrupt is cleared. 

The processor must then identify that the Transmit Data Reg- 
ister is ready to be ioaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous “MARK” will be transmitted. Figure 5 shows 
the continuous Data Transmit timing relationship. 



2-118 




R6551 


Asynchronous Communications Interface Adapter (ACIA) 


Continuous Data Receive 


Similar to the Continuous Data Tr ansm it case, the normal 
operation of this mode is to assert IRQ when the ACIA has 
received a full data word. This occurs at about ^/le point through 
the Stop Bit. The processor must read the Status Register and 


read the data word before the next interrupt, otherwise the 
Overrun condition occurs. Figure 6 shows the continuous Data 
Receive Timing Relationship. 



Transmit Data Register Not Loaded by Processor 

If the processor is unable to load the Transmit Data Register in 
the allocated time, then the Tx D lin e goes to the “MARK” con- 
dition until the data is loaded. IRQ interrupts continue to occur 
at the same rate as previously, except no data is transmitted. 


When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figure 7 
shows the timing relationship for this mode of operation. 



Figure 7. Transmit Data Register Not Loaded by Processor 
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Effect of CTS on Transmitter 

CTS is the Clear-to-Send Signal generated by the modem. It is 
normally low (true state) but may go high in the event of some 
modem problems. When this occurs, the TxD line immediately 
goes to the “MARK” condition. Interrupts continue at the same 
rate, but the Status Register does not indicate that the Transmit 


Data Register is empty. Sinc e the re is no status bit for CTS, the 
proce ssor must deduce that CTS has gone to the FALSE (high) 
state. CTS is a transmit control line only, and has no effect on 
the R6551 Receiver Operation. Figure 8 shows the timing rela- 
tionship for this operation. 




CTS GOES HIGH, 
INDICATING MODEM 
IS NOT READY TO 
RECEIVE DATA. TxD 
IMMEDIATELY GOES 
TO "MARK” CONDITION 


NEXT 

PROCESSOR 
INTERRUPT 
AT NORMAL 
START BIT 
TIME 


' PROCESSOR READS 
STATUS REGISTER. 

SINCE DATA REGISTER 
IS NOT EMPTY, PROCESSOR 
MUS T DEDUCE THAT 
CTS IS SOURCE OF 
INTERRUPT (THIS IS 
COVERED ELSEWHERE 
IN THIS NOTE). 


Figure 8. Effect of CTS on Transmitter 


Effect of Overrun on Receiver 

If the processor does not read the Receiver data Register in the 
allocated time, then, when the next interrupt occurs, the new data 
word is not transferred to the Receiver Data Register, but the 


Overrun status bit is set. Thus, the Data Register will contain the 
last valid data word received and all following data is lost. Figure 9 
shows the timing relationship for this mode. 


CHAR#n+l 


RxD Stoplstarti I I 1 |stopjstartj Bq I 


CHAR#n+2 


P Istop StartI ^0 I P StopIstartI 


CHAR#n+3 




PROCESSOR I 

INTERRUPT PROCESSOR 

FOR RECEIVER READS 

DATA REGISTER STATUS 

FULL REGISTER 


PROCESSOR 
DOES NOT 
READ DATA 
REGISTER 


• RECEIVER DATA REGISTER 
NOT UPDATED, BECAUSE 
PROCESSOR DID NOT READ 
PREVIOUS DATA, OVERRUN 
BIT SET IN STATUS 
REGISTER 


[ PROCESSOR DOES 
NOT READ STATUS 
REGISTER 


OVERRUN BIT SET IN 
STATUS REGISTER 


Figure 9. Effect of Overrun on Receiver 
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Echo Mode Timing 

In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by V 2 of the bit time, as shown in Figure 10. 



Effect of CTS on Echo Mode Operation 

In Echo Mode, the Receiver operation is unaf fected by CTS, 
however, the Transmitter is affected when CTS goes high, i.e., 
the TxD line immediately goes to a continuous “MARK” con- 
dition. In this case, however, the Status Request indicates that 


the Receiver Data Register is full in response to an IRQ, so the 
processor has no way of knowing that the Transmitter has 
ceased to echo. See Figure 1 1 for the timing relationship of this 
mode. 


CHAR#n 


CHAR#n+1 


CHAR#n+2 


CHAR#n+3 


I 


RxD I Stop 





□ 

Stop 

Start 

^0 

□ 





□ 

Stop 

Start 

^0 

0 


Stop Start Bq P 


Stop Start I Bq B 


CTS GOES TO 
"FALSE" CONDITION 


- NORMAL 
RECEIVER DATA 

- REGISTER FULL - 
INTERRUPTS 




Sn 

□ 

Stop 

Start 


□ 


NOT-CLEAR-TO-SEND 


CONTINUOUS “MARK” UNTIL CTS GOES LOW 


l.'H 


Figure 1 1 . Effect of CTS on Echo Mode 
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Overrun in Echo Mode 

If Overrun occurs in Echo Mode, the Receiver is affected the “MARK” condition until the first Start Bit after the Receiver Data 

same way as a normal overrun in Receive Mode. For the re- Register is read by the processor. Figure 12 shows the timing 

transmitted data, when overrun occurs, the TxD line goes to the relationship for this mode. 


RxD Istoplstartl Bq I I I I P I Stop I Start I I I . , I I P I Stop Start I I I I I P I Stop Start! I 


P 


TxD P Istoplstartl I P 


p 


PROCESSOR 
INTERRUPT 
FOR RECEIVER 
DATA REGISTER 
FULL 


PROCESSOR 
DOES NOT 
READ RECEIVER 
DATA REGISTER 


PROCESSOR FINALLY 
READS RECEIVER 
DATA REGISTER, 
LAST VALID 
CHARACTER (#n) 


PROCESSOR 

READS 

STATUS 

REGISTER 


OVERRUN OCCURS 
TxD GOES TO 
"MARK" 
CONDITION 


PROCESSOR 
INTERRUPT 
FOR CHAR#x 
IN RECEIVER 
DATA REGISTER 


Figure 12. Overrun in Echo Mode 


Framing Error 

Framing Error is caused by the absence of Stop Bit(s) on received 
data. A Framing Error is indicated by the setting of bit 1 in the 
Status Register at the same time the Receiver Data Registe r Ful l 
bit is set, also in the Status Register. In response to IRQ, 


generated by RDRF, the Status Register can also be checked for 
the Framing Error. Subsequent data words are tested for Framing 
Error separately, so the status bit will always reflect the last data 
word received. See Figure 13 for Framing Error timing relationship. 


RxD 

{EXPECTED) 


P St°p Start 


P Start B 



NOTES: 1. FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION. 


2. IF NEXT DATA WORD IS OK. 
FRAMING ERROR IS CLEARED. 


PROCESSOR 
INTERRUPT 
FRAMING 
ERROR 
BIT SET 


Figure 13. Framing Error 


2-122 




R6551 


Asynchronous Communications interface Adapter (ACIA) 


Effect of DCD on Receiver 

DCD is a modem output indicating the status of the carrier-fre- Once such a change of state occurs, subsequent transitions will 

quency-detection circuit of the modem. This line goes high for not cause interrupts or changes in the Status Register until the 

a loss of carrier. Normally, when this occurs, the modem will first interrupt is serviced. When the Status Register is read by 

stop trans mittin g data some time later. The ACIA asserts IRQ the processor, the ACIA automatically chec ks the level of the 

whenever DCD changes state and indicates this condition via DCD line, and if it has changed, another IRQ occurs (see Figure 

bit 5 in the Status Register. 14). 


CONTINUOUS "MARK' 



GOING HIGH WILL OCCUR GOING LOW FIRST START BIT 

DETECTED 

Figure 14. Effect of DCD on Receiver 


Timing with iy2 Stop Bits 

It is possible to select iy 2 Stop Bits, but this o ccurs only for trailing half-Stop Bit. Figure 15 shows the timing relationship for 

5-bit data words with no parity bit. In this case, the IRQ asserted this mode, 

for Receiver Data Register Full occurs halfway through the 



Figure 15. Timing with IVa Stop Bits 
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Transmit Continuous “BREAK” 

This mode is selected via the ACIA Command Register and 
causes the Transmitter to send continuous “BREAK” charac- 
ters, beginning with the next character transmitted. At least one 
full “BREAK” character will be transmitted, even if the processor 
quickly re-programs the Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 16 shows the timing rela- 
tionship for this mode. 


If, while op eratin g in the Transmit Continuous “BREAK” 
mode, the CTS shou ld go to a high, the TxD will be 
overridden by the CTS and will go to continuous “MARK” 
at the beginning of the next character transmitted after the 
CTS goes high. 


PERIOD DURING 
WHICH PROCESSOR 
"SELECTS 
CONTINUOUS 
"BREAK" MODE 


NORMAL 

INTERRUPT 



POINT AT WHICH 

PROCESSOR 

SELECTS 

NORMAL 

TRANSMIT 

MODE 


PROCESSOR 
INTERRUPT 
TO LOAD 
TRANSMIT 
DATA 


Figure 16. Transmit Continuous “BREAK” 


Receive Continuous “BREAK” 

In the event the modem transmits continuous “BREAK” char- 
acters, the ACIA will terminate receiving. Reception will resume 
only after a Stop Bit is encountered by the ACIA. Figure 17 


shows the timing relationship for continuous “BREAK” 
characters. 


RxD I I [ 


CONTINUOUS "BREAK" 


^N I P I Slop I Start ®N ^ 


|Stop|Start| Sq I I I “N I P I Stop I Start! I 


PROCESSOR 

INTERRUPT 

FOR 

RECEIVER 
DATA REGISTER 
FULL 


PROCESSOR INTERRUPT WITH 
FRAMING ERROR BIT SET, 

EVEN PARITY CHECK WILL ALSO 
GIVE A PARITY ERROR BECAUSE 
ALL ZEROS (CONTINUOUS BREAK) 
REPRESENT EVEN PARITY. 


MORE 

INTERRUPTS 


' NO INTERRUPT 
SINCE RECEIVER 
DISABLED UNTIL 
FIRST STOP BIT 


NORMAL 

RECIEVER 

INTERRUPT 


Figure 17. Receive Continuous “BREAK” 
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STATUS REGISTER OPERATION 

Because of the special functions of the various status bits, there 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 

1. Read Status Register 

This operation auto mati cally clears Bit 7 (IRQ). Subsequent 
transitions on DSR and DCD will cause another interrupt. 

2. Check IRQ (Bit 7) in the data read from the Status Register 
If not set, the interrupt source is not the ACIA. 

3. Check DCD and DSR 

These must be compared to their previous levels, which must 
have been saved by the processor. If they are both 0 (modem 
“on-line”) and they are unchanged then the remaining bits must 
be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register is full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above conditions exist, then CTS must have 
gone to the false (high) state. 


PROGRAM RESET OPERATION 

A program reset occurs when the processor performs a write oper- 
ation to the ACIA with RSO low and RS1 high. The prog ram r eset 
operates somewhat different from the hardware reset (RES pin) 
and is described as follows; 

1. Internal registers are not completely cleared. Check register 
formats for the effect of a program reset on internal registers. 

2. The DTR line goes high immediately. 


3. R ecei ver and transmitter interrupts are disabled immediately. 
If IRQ is low when the reset occu rs, it s ta ys low until serviced, 
unless interrupt was caused by DCD or DSR transition. 

4. DCD and DSR interrupts are d isa bled i mmediately. If IRQ 
is lo w and was caus ed by DCD or DSR, then it goes high, 
also DCD and DSR status bits subsequently will follow the 
input lines, although no interrupt will occur. 

5. Overrun cleared, if set. 


MISCELLANEOUS 

1. If Echo Mode is selected, RTS goes low. 

2. If Bit 0 of Command Register (DTR) is 0 (disabled), then: 

a) All in terr upts a re disabled, including those caused by 
DCD and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently being 
received will be completed first. 

3. Odd parity occurs when the sum of all the 1 bits in the data word 
(including the parity bit) is odd. 

4. In the receive mode, the received parity bit does not go into the 
Receiver Data Register, but generates parity error or no parity 
error for the Status Register. 

5. Transmitter and Receiver may be in full operation simulta- 
neously. This is “full-duplex” mode. 

6. If the RxD line inadvertently goes low and then high right after 
a Stop Bit, the ACIA does not interpret this as a Start Bit, but 
samples the line again halfway into the bit time to determine 
if it is a true Start Bit or a false one. For false Start Bit detec- 
tion, the ACIA does not begin to receive data, instead, only a 
true Start Bit initiates receiver operation. 

7. DCD andd DSR transitions, although causing immediate 
processor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces trans- 
mitter to turn off. Since these are high-impedance inputs, they 
must not be permitted to float (un-connected). If unused, they 
must be terminated to GND. 
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CRYSTAL/CLOCK CONSIDERATIONS 

CLOCK OSCILLATOR 

The on-chip oscillator is designed for a series resonant crystal con- 
nected between XTLI and XTLO pins (Figure 18). 

A series resonant crystal is specified by the series resistance (Rs) 
at its series resonant frequency. For proper oscillator operation, 
the selected series resonant crystal should have a series 
resistance less than 400 ohms. 



EXTERNAL CLOCK 


The XTLI input may be used as an external clock input (Figure 19). 
For this implementation, a times 16 clock is input on XTLI and 
XTLO is left open. 


EXTERNAL 

TRANSMITTER 

CLOCK 


NO CONNECTION 


a 


XTLI 


R6551 


Figure 19. External Clock Connection 


BAUD RATE GENERATION 

DIVISORS 


The internal counter/divider circuit generates appropriate 
divisors to produce standard baud rates when a 1 .8432 MHz crystal 
is connected between XTLI and XTLO. Control Register bits 0-3 
select the divisor for a particular bit rate as shown in Table 2. 


GENERATING NON-STANDARD BAUD RATES 

By using a different crystal, non-standard baud rates may be 
generated. These can be determined by; 

Crystal Frequency 

Baud Rate = 

Divisor 

Furthermore, it is possible to drive the ACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 6) 
must be the clock input and XTALO (pin 7) must be a no-connect. 


Table 2. Divisor Selection 


Control 

Register 

Bits 

Divisor Selected 

For The 

Internal Counter 

Baud Rate Generated 

With 1.8432 MHz 

Crystal 

Baud Rate Generated 

With a Crystal 
of Frequency (F) 

3 2 10 

0 0 0 0 

No Divisor Selected 

16 X External Clock at Pin RxC 

16 X External Clock at Pin RxC 

0 0 0 1 

36,864 

1.8432 X 106/36,864 = 50 

F / 36,864 

0 0 10 

24,576 

1.8432 X 106/24,576 = 75 

F / 24,576 

0 0 11 

16,769 

1.8432 X 106/ 16,769 = 109.92 

F/ 16,769 

0 10 0 

13,704 

1.8432 X 106/ 13,704 = 134.51 

F/ 13,704 

0 10 1 

12,288 

1.8432 X 106/ 12,288 = 150 

F/ 12,288 

0 110 

6,144 

1.8432 X 106/6,144 = 300 

F/ 6,144 

0 111 

3,072 

1.8432 X 106/3,072 = 600 

F / 3,072 

10 0 0 

1,536 

1.8432 X 106/1,536 = 1,200 

F/ 1,536 

10 0 1 

1,024 

1.8432 X 106/1,024 = 1,800 

F / 1 ,024 

10 10 

768 

1.8432 X 106/768 = 2,400 

F/768 

10 11 

512 

1.8432 X 106/512 = 3,600 

F/512 

110 0 

384 

1.8432 x 106/384 = 4,800 

F/384 

^ 1 1 0 1 

256 

1.8432 X 106/256 = 7,200 

F/256 

1110 

192 

1.8432 X 106/192 = 9,600 

F/ 192 

1111 

96 

1.8432 X 106/96 = 19,200 

F/96 
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DIAGNOSTIC LOOP-BACK 
OPERATING MODES 

A simplified block diagram for a system incorporating an ACIA is 
shown in Figure 20. 

It may be desirable to include in the system a facility for local loop- 
back testing. 

In loop-back testing from the point of view of the processor, the 
Modem and Data Link must be effectively disconnected and the 
ACIA transmitter connected back to its own receiver, so that the 
processor can perform diagnostic checks on the system, excluding 
the actual data channel. 

The ACIA does not contain automatic loop-back operating modes, 
but they may be implemented with the addition of a small amount 
of external circuitry. Figure 21 indicates the necessary logic to be 
used with the ACIA. The LLB line is the positive-true signal to 
enable local loop-back operation. Essentially, LLB = high does 
the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables outputs RxD, DCD, CTS, DSR (from Modem). 



Figure 21. Loop-Back Circuit Schematic 


3. Connects tra nsm itte r outputs to re spec tive receiver inputs (i.e. 
TxD to RxD, DTR to DCD, RTS to CTS). 

LLB may be tied to a peripheral control pin (from an R6520 or 
R6522, for example) to provide processor control of local loop-back 
operation. In this way, the processor can easily perform local loop- 
back diagnostic testing. 



Figure 20. Simplified System Diagram 
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READ TIMING DIAGRAM 

Timing diagrams f or tra nsmit with external clock, receive with 
external clock, and IRQ generation are shown in Figures 22, 23 
and 24, respectively. The corresponding timing characteristics are 
listed in the Table 3. 


Table 3. Transmit/Receive Characteristics 




1 MHz 

2 MHz 


Characteristic 

Symbol 

Min 

Max 

Min 

Max 

Unit 

Transmit/Receive 
Clock Rate 

tcCY 

400* 

- 

400* 

— 

ns 

Transmit/Receive 
Clock High Time 

tcH 

175 

— 

175 

— 

ns 

Transmit/Receive 
Clock Low Time 

fcL 

175 

— 

175 

— 

ns 

XTLI to TxD 
Propagation Delay 

toD 

— 

500 

— 

500 

ns 

RTS Propagation 
Delay 

foLY 


500 

— 

500 

ns 

IRQ Propagation 
Delay (Clear) 

f|RQ 

— 

500 

— 

1 500 

1 

ns 

Load Capacitance 

Cl 






DTR, RTS 


— 

130 

— 

130 

PF 

TxD 


— 

30 

— 

30 

1 Pf" 


Notes; 

(tfl, tp = 10 to 30 ns) 


^The baud rate with external clocking is; Baud Rate = — ^ — 

1 6 X tQQY 



Figure 22. Transmit Timing with Externai Ciock 




Figure 24. Interrupt and Output Timing 
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AC CHARACTERISTICS 

(Vcc = 5.0V ± 5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 



2. D0-D7 load capacitance = 130 pF. 

3. Timing measurements are referenced to/from a low of 0.8 volts and a high of 2.0 volts. 



Write Timing Diagram 



Read Timing Diagram 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

V,N 

—0.3 to Vcc 

Vdc 

Output Voltage 

VOUT 

—0.3 to Vqc 

Vdc 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

Tstg 

-55 to +150 

°C 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

Vcc 

5V ±5% 

Temperature Range 
Commercial 

Industrial 

Ta 

0° to 70®C 
-40°C to +85®C 


DC CHARACTERISTICS 

(Vqc == 5.0V ± 5%, Vss = 0, Ta = Ti to Th, unless otherwise noted) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Test Conditions 

Input High Voltage 

Except XTLI and XTLO 

XTLI and XTLO 

V,H 

2.0 

2.4 

- 

o<o< 
o o 

V 


Input Low Voltage 

Except XTLI and XTLO 

XTLI and XTLO 

V,L 


- 

0.8 

0.4 

V 


Input Leakage Current 

02, R/W, RES, CSO, CS1, RSO, RSI, CTS, RxD, DCD, DSR 

l|N 

— 

— 

2.5 

juA 

V,N = OV to 5V 

Vqc = OV 

Input Leakage Current for High Impedance (Three State Off) 
D0-D7 

Itsi 

— 

— 

±10.0 

^tA 

V,N = 0.4V to 2.4V 

Vqc = 5.25V 

Output High Voltage 

D0-D7, TxD, RxC, RTS, DTR 

VoH 

2.4 

— 

— 

V 

'load = -100 ^A 

Vqc = 4.75V 

Output Low Voltage 

D0-D7, TxD, RxC, RTS. DTR. IRQ 

VoL 

— 

— 

0.4 

V 

Vqc = 4.75V 

Iload = 1-6 mA 

Output High Current (Sourcing) 

D0-D7, TxD, RxC, RTS, DTR 

loH 

-100 

— 

— 

/xA 

VoH = 2.4V 

Output Low Current (Sinking) 

D0-D7, TxD. RxC, RTS. DTR, IRQ 

■OL 

1.6 

— 

— 

mA 

VoL = 0.4V 

Output Leakage Current (off state) 

IRQ 

•off 

— 

— 

10.0 

fxA 

VouT = 5V 

Clock Capacitance 

m) 

CcLK 

— 

— 

20 

PF 

Vqc = 5V 

V,N = OV 
f = 1 MHz 

Ta = 25°C 

Input Capacitance 
except 02, XTLI, XTLO 

C|N 

— 

— 

10 

pF 

Output Capacitance 

COUT 

- 

— 

10 

pF 

Power Dissipation 

Pd 

- 

170 

300 

mW 

Ta = O^C 
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CMOS and NMOS 8-Bit Microcomputers 
Highest Industry Performers 


The R6500 single-chip CMOS and NMOS microcomputers 
provide high-speed and low CMOS power while being 
completely software compatible with the 8-bit multi-chip 
family. They let you move easily from a multi-chip to a 
single-chip solution when the application warrants. They 
also function as intelligent peripheral controllers. The R65C10, 
a CMOS version of the R6500/1 , combines the low power of 
CMOS with advanced pipelining architecture to provide an 
efficient high-speed single-chip system solution. 

Features of the microcomputer family include 1.5K to 
4K bytes of ROM, 64 to 192 bytes of RAM, 23 to 56 I/O 
ports, multiple use counter/timers, serial communication 


channels, bit manipulation instructions, expansion bus, 
multiple bus interfaces, directly executable RAM with low 
power standby, and multiple interrupts — all from a single 
5V power supply. They are also available in ROM-less 
versions, for large memory system applications and for 
developing and simulating products in prototype, with 
external memory. 

And, the R65F11 and R65F12 even have all system 
software on the chip, including an operating system and 
high-level FORTH language. It is an extremely versatile 
microcomputer, and is available in three configurations to 
accommodate application programs to 48K. 


FEATURE/MODELS 

• INSTRUCTION SPEED 

• ROM (x8) 

• RAM (x8) 

• I/O LINES 

• SERIAL COMM. 

• 16-BIT COUNTERS 

• EXPANSION BUS 

• INTERRUPTS 
- EXTERNAL 
— INTERNAL 

• OPERATING POWER (mW) 

• STANDBY (mW) 

• PACKAGE 


R6500/1 

R6500/11 

1000ns 

1000ns 

2K 

3K 

64 

192 

32 

32 

— 

USART 

ONE 

TWO 

— 

16K 

5 

6 

1 

4 

750 

800 

35* 

12* 

40 DIP 

40 DIP 

44 PLCC 

44 PLCC 


R6500/12 

R6500/13 

1000ns 

1000ns 

3K 

256 

192 

192 

56 

32 

USART 

USART 

TWO 

TWO 

16K 

65K 

6 

6 

4 

4 

800 

800 

12* 

12* 

64 QUIP 

64 QUIP 

68 PLCC 

68 PLCC 


R6500/15 

R65C10 

1000ns 

500ns 

4K 

2K 

192 

64 

32 

32 

UART 

— 

TWO 

ONE 

16K 

— 

6 

5 

4 

1 

800 

40 

12* 

12 

40 DIP 

40 DIP 

44 PLCC 

44 PLCC 


* Standby RAM 
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R65C10 

. . ' ■ 

; Rockwell 

One-Chip Microcomputer 


SECTION I 
INTRODUCTION 


SUMMARY 

The Rockwell R65C10 microcomputer is a complete 8-bit com- 
puter fabricated on a single chip using an N-well silicon gate 
CMOS process. The R65C10 complements an industry standard 
line of R6500 and R65C00 microprocessors, R6500/* and 
R65C00/* microcomputers and compatible peripheral devices. 
The R65C10 has a wide range of microcomputer applications 
where high 8-bit performance, minimal chip count and low power 
consumption is required. 

The R65C10 consists of a 6502 Central Processing Unit (CPU), 
2048 bytes of mask programmable Read Only Memory (ROM), 
64 bytes of Random Access Memory (RAM) and interface cir- 
cuitry for peripheral devices. The parallel interface consists of 
four 8-bit ports including two edge detect lines. A 16-bit 
counter/timer with four selectable modes is also included. 

The innovative architecture and the demonstrated high per- 
formance of the R65C02 CPU, as well as instruction simplicity, 
result in system cost-effectiveness and a wide range of com- 
putational power. These features make the R65C10 a leading 
candidate for low-power single-chip microcomputer applications. 

Hardware enhancements of the R65C10 include a software- 
controlled system and/or counter/timer clock prescaler, and an 
ultra-low-power Stop mode. 

This description assumes that the reader is familiar with the 
R6502 CPU programming capabilities as described in the R6500 
Programming Manual (Order No. 202). 

ORDERING INFORMATION 


R65C10 

Temperature Range 
No letter = 0°Cto+70°C 

E = -40®C to +85°C 

' Operating Frequency (Internal 02 clock) 

1 = 1 MHz 

2 = 2 MHz 

3 = 3 MHz 

4 = 4 MHz 

Package 

C = 40-pin CERDIP 
P = 40-pin Plastic DIP 
J = 44-pin Plastic Leaded 
Chip Carrier (PLCC) 


FEATURES 

• Single-chip microcomputer 

• R6502 CPU instruction compatible 

• 8-bit parallel processing 

• Decimal or binary arithmetic 

• Variable length stack 

• True indexing capability 

• 13 addressing modes 

• Internal 1 MHz to 4 MHz clock with crystal or clock input 

— Internal divide-by-2 network 

— 2 MHz to 8 MHz crystal input 

— 20 kHz to 8 MHz clock input 

• Software-controllable prescaler 

— Selectable system clock and timer clock prescaler or timer 
clock only prescaler 

— Divide by 8, 32, 64, or 128 options 

• Low-power oscillator Stop mode (cleared by RES) 

• 15 mW to 60 mW operating power (1 MHz to 4 MHz) 

• 2K X 8 ROM on-chip 

• 64 X 8 RAM on-chip 

• 32 bidirectional TTL compatible I/O lines 

— 1 positive edge-sensitive I/O line 

— 1 negative edge-sensitive I/O line 

• 1 bidirectional TTL compatible counter I/O line 

• 16-bit buffered timer/counter with four modes 

— Interval timer 

— Pulse generator 

— Event counter 

— Pulse width measurement 

• Three maskable interrupt requests (IRQ) 

— 1 counter overflow 

— 2 I/O edge detect 

• NMI and RES inputs 

• Available in 40-pin DIP and 44-pin PLCC packages 

• +5V ±10% power 


Document No. 29651 N93 


Product Description 


Order No. 2193 
Rev. 1, June 1987 
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Figure 2-2. R65C10 Pin Assignments 
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Table 2-1. R65C10 Pin Description 


Signal Name 

I/O 

Description 

< 

o 

o 


POWER. + 5 Vdc; must be connected to both pins. 

Vss 


GROUND. Signal return and power ground (OV). 

XTLI 

1 

CRYSTAL INPUT. The crystal or external clock input to the internal clock oscillator. The oscillator generates the internal 
master clock at the frequency of the input crystal/clock divided either by 1 or by 2 depending upon mask option. The 
system and counter/timer clocks are derived from the master clock under control of the Prescaler Control Register. 

XTLO 

0 

CRYSTAL OUTPUT. The crystal output from the internal clock oscillator. XTLO should be left open when a clock is input 
at XTLI. 

RES 

1 

RESET. The active low RES input initializes the R65C10. This signal must not transition from low to high for at least 
eight cycles after Vcc reaches operating range and the internal oscillator has stabilized. 

NMi 

1 

NON-MASKABLE INTERRUPT. A negative-going edge on the NMI input interrupts the CPU. 

PA0-PA7 

I/O 

PORT A. General purpose I/O Port A. 

PB0-PB7 

I/O 

PORT B. General purpose I/O Port B. 

PC0-PC7 

I/O 

PORT C. General purpose I/O Port C. 

PD0-PD7 

I/O 

PORT D. General purpose I/O Port D. 



Four 8-bit ports used for either input or output. Each line consists of an active transistor to Vss and an optional active 
pull-up to Vcc (see Section 4.3). The two lower bits of the Port A (PAO and PAl) also serve as edge-detect inputs with 
maskable interrupts. PAO detects a positive-going edge and PA1 detects a negative-going edge. 

CNTR 

I/O 

COUNTER. This line is either an input to, or an output from, the counter. CNTR is an input in the event counter and 
pulse width measurement modes, and is an output in the pulse generator modes. It consists of an active transistor to 
Vss optional active pull-up to Vcc- 
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SECTION 3 

SYSTEM ARCHITECTURE 


This section provides a functional description of the R65C10. 
A block diagram of the R65C10 is presented in Figure 3-1. 


3.1 INDEX REGISTERS 

There are two 8-bit index registers: X and Y. Either index register 
can be used as a base to modify the program counter contents 
and thus obtain a new address— the sum of the program counter 
contents and the index register contents. 

When executing an instruction which specifies indexed 
addressing, the CPU fetches the op code and the address, and 
modifies the address from memory by adding the index register 
to it prior to loading or storing the value of memory. 

3.2 STACK POINTER 

The Stack Pointer is an 8-bit register. It is automatically incre- 
mented and decremented under control of the CPU to per form 
stack manipulation in response to program instructions, the NMI 
interrupt input or the internally generated IRQ interrupt. The 
Stack Pointer must be initialized by the user program. The JSR, 
BRK, RTI, and RTS instructions use the stack and the Stack 
Pointer. The stack is located in RAM from address 0 to address 
$3F (0 to 63 decimal). 


3.3 ARITHMETIC AND LOGIC UNIT (ALU) 

All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data for 
more than one cycle. If data is placed on the inputs to the ALU 
at the beginning of a cycle, the result is always gated into one 
of the storage registers or to memory during the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic 0; the ALU then generates 
the function (AND, OR, SUM, and so on) using the data on the 
two inputs. 


3.4 ACCUMULATOR 

The Accumulator is a general purpose 8-bit register that stores 
the results of most arithmetic and logic operations. In addition, 
the Accumulator usually contains one of the two data words used 
in these operations. 

3.5 PROGRAM COUNTER 

The 12-bit Program Counter provides the addresses that step 
the processor through sequential instructions in a program. Each 
time the processor fetches an instruction from the program 


memory, the lower (least significant) byte of the Program Counter 
(PCL) is placed on the eight low-order lines of the internal 
address bus and the higher (most significant) byte of the Pro- 
gram Counter (PCH) is placed on the four high-order lines of 
the internal address bus. The Program Counter is incremented 
each time an instruction or data is fetched from program 
memory. 


3.6 INSTRUCTION REGISTER AND 
INSTRUCTION DECODE 

Instructions are fetched from ROM or RAM and gated onto the 
internal data bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 


3.7 PROCESSOR STATUS REGISTER (PSR) 

The 8-bit Processor Status Register, shown in Figure 3-2, con- 
tains seven status flags. Some of these flags are controlled by 
the user program; others may be controlled both by the user 
program and the CPU. The R65C10 instruction set contains a 
number of conditional branch instructions which allow testing 
of these flags. Each of the seven processor status flags is 
described in the following paragraphs. 


CARRY (C) BIT 

The Carry (C) bit can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the eighth 
bit has occurred, or cleared to logic 0 of no carry occurred, as 
the result of arithmetic operations. 

The Carry bit may be set or cleared under program control by 
use of the Set Carry (SEC) or Clear Carry (CLC) instruction, 
respectively. Other operations which affect the Carry bit are ADC, 
ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, and SBC. 


ZERO (Z) BIT 

The Zero (Z) bit is set to logic 1 by the CPU during any data 
movement or by any calculation which sets all eight bits of the 
result to zero. This bit is cleared to logic 0 when the resultant 
eight bits of a data movement or calculation operation are not 
all zero. The R65C10 instruction set contains no instruction to 
specifically set or clear the Zero bit. The Zero bit is, however, 
affected by the following instructions: ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, LDA, 
LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, SBC, TAX, 
TAY, TXA, TSX, and TYA. 
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Figure 3-1. R65C10 Block Diagram 
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7 

6 5 

4 3 2 1 0 


. NOT 


V 

USED 

B D 1 Z C 


Bit 7 

NEGATIVE (N)1 


1 

Negative value 


0 

Positive value 


Bit 6 

OVERFLOW (V)1 


1 

Overflow set 


0 

Overflow cleared 


Bit 5 

NOT USED 


Bit 4 

BREAK (B) 


1 

Break command 


0 

No Break command 


Bit 3 

DECIMAL MODE (D)3 


1 

Decimal mode selected 


0 

Binary mode selected 


Bit 2 

INTERRUPT DISABLE (1)2 


1 

IRQ interrupt disabled 


0 

IRQ interrupt enabled 


Bit 1 

ZERO (Z)1 


1 

Zero results 


0 

Non-zero results 


Bit 0 

CARRY (C)1 


1 

Carry set 


0 

Carry cleared 

Notes: 1 . Not initialized by RES. 


2. Set to a 1 

by RES. 


3. Set to a 0 by power-on. 


Figure 3-2. Processor Status Register 


INTERRUPT DISABLE (I) BIT 

The Interrupt Disable (I) bit controls the servicing of the internal 
interrupt request (IRQ). If the I bit is reset to logic 0, the IRQ 
will be serviced. If the bit is set to logic 1 , the IRQ will be ignored. 
The CPU wili set the Interrup t Disa ble bit to logic 1 if NMI, an 
enabled IRQ interrupt or the RES signal is detected. 

The I bit is restored by the Pull Processor Status from Stack 
(PLP) instruction, or as the result of executing a Return from 
Interrupt (RTI) instruction (provided the Interrupt Disable bit was 
cleared prior to the interrupt). The Interrupt Disable bit may be 
set or cleared under program control using a Set Interrupt 
Disable (SEI) or a Clear Interrupt Disable (CLI) instruction, 
respectively. 


a decimal adder. When this bit is cieared to logic 0, the adder 
operates as a straight binary adder. The adder mode is controlled 
only by two instructions. The Set Decimal Mode (SED) instruc- 
tion sets the D bit; the Ciear Decimal Mode (CLD) instruction 
clears it. The PLP and RTI instructions also affect the Decimal 
Mode Bit. The Decimal Mode Bit is cleared upon power applica- 
tion and by RES thus estabiishing binary mode. 


BREAK (B) BIT 

The Break (B) bit indicates the condition which caused the IRQ 
service routine to be entered. If the IRQ service routine was 
entered because the CPU executed a BRK command, the B bit 
will be set to logic 1 . If the IRQ routine was entered as the result 
of an IRQ occurring, the B bit will be cleared to logic 0. There 
are no instructions which can set or clear this bit. 


OVERFLOW (V) BIT 

The Overflow (V) bit indicates that the result of a signed, binary 
addition or subtraction operation is a value that cannot be 
contained in seven bits (-128 < n < -f 127). The indicator only 
has meaning when signed arithmetic (sign and seven magnitude 
bits) is performed. When the ADC or SBC instruction is 
performed, the V bit is set to logic 1 if the polarity of the sign 
bit (bit 7) is changed because the result exceeds -i- 1 27 or -128; 
otherwise the V bit is cleared to logic 0. The V bit may also be 
cleared under program control by the Clear Overflow (CLV) 
instruction. 


The Overflow bit may also be used with the BIT instruction. The 
BIT instruction, which may be used to sample interface devices, 
allows the Overflow bit to reflect the condition of Bit 6 in the 
sampled field. During a BIT instruction, the Overflow bit is set 
equal to the content of Bit 6 of the data tested with the BIT 
instruction. When used in this mode, the Overflow bit has nothing 
to do with signed arithmetic, but is just another sense bit for the 
CPU. Instructions which affect the V flag are ADC, BIT, CLV, 
PLP, RTI, and SBC. 


NEGATIVE (N) BIT 

The Negative (N) bit copies the arithmetic sign bit value resulting 
from a data movement or an arithmetic operation. If the sign 
bit is set, the resulting value of the data movement or arithmetic 
operation is negative and the N bit is a logic 1; if the sign bit 
is cleared, the result of the data movement or arithmetic 
operation is positive and the N bit is a logic 0. There are no 
instructions that set or clear the N bit since the N bit represents 
only the status of a result. The instructions that affect the 
state of the bit are: ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, 
DEX, DEY, EOR, INC, INX, INY, LDA, LDX, LDY, LSR, ORA, 
PLA, PLP, ROL, ROR, RTI, SBC, TAX, TAY, TSX, TXA, 
and TYA. 


DECIMAL MODE (D) BIT 

The Decimal Mode (D) bit controls the arithmetic mode of the 
CPU. When this bit is set to a logic 1, the adder operates as 
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3.8 I/O ADDRESS DECODE 

The internal memory, control registers, I/O ports, and Counter/ 
Latch are memory mapped into the 4096-byte address space. 
The I/O Address Decode logic decodes the address from the 
internal address bus and routes enable signals to the appropri- 
ate functions. The memory map of the R65C10 is shown in 
Figure 3-3. 


1 

Address 

Parameter 

Hex 

Dec 

IRQ Vector High 

FFF 

4095 

IRQ Vector Low 

FFE 

4094 

RES Vector High 

FFD 

4093 

RES Vector Low 

FFC 

4092 

NMI Vector High 

FFB 

4091 

NMI Vector Low 

FFA 

4090 


FF9 

4089 

R65C10 User Program 

800 

2048 

Unassigned 

7FF 

2047 


094 

148 

Port D Direction Register (Write Only)^ 

093 

147 

Port C Direction Register (Write Only)3 

092 

146 

Port B Direction Register (Write Onlyp 

091 

145 

Port A Direction Register (Write Only)3 

090 

144 

Control Register (CR) 

08F 

143 

Prescaler Control Register (PCR) 

08E 

142 

Stop Mode (Write Only)3 

OSD 

141 

Unassigned 

08C 

08B 

140 

139 

Clear PA1 Neg Edge Detected (Write Only)'' 

08A 

138 

Clear PAO Pos Edge Detected (Write Only)i 

089 

137 

Upper Latch and Transfer Latch to Counter, 

088 

136 

Clear Counter Overflow (Write Only)2 

Lower Count, Clear Counter Overflow 
(Read Only)2 

087 

135 

Upper Count (Read Only) 

086 

134 

Lower Latch (Write Only) 

085 

133 

Upper Latch (Write Only) 

084 

132 

Port D (PD) 

083 

131 

Port C (PC) 

082 

130 

Port B (PB) 

081 

129 

Port A (PA) 

080 

128 


07F 

127 

Unassigned 

040 

64 


03F 

63 

User RAM 

000 

0 


Notes: 1. I/O command only; i.e., no stored data. 

2. Clears Counter Overflow — Bit 7 in Control Register. 

3. Mask option. 


Figure 3-3. R65C10 Memory Map 
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3.9 2Kx8 ROM 

The internal 2,048 x 8-bit Read Only Memory (ROM) usually con- 
tains the user’s program instructions and other fixed constants. 
These program instructions and constants are mask- 
programmed during fabrication. 

The ROM is mapped from $800 to $FFF. 

3.10 64x8 RAM 

The internal 64 x 8-bit Random Access Memory (RAM) contains 
the user program stack and is used for scratchpad memory dur- 
ing system operation. This RAM is completely static in opera- 
tion and requires no clock or dynamic refresh. The data 
contained in RAM is read out nondestructively with the same 
polarity as the input data. In the event that execution stops, RAM 
data is retained until execution resumes. 

The R65C10 RAM is assigned page zero memory address 0 to 
$03F. 

3.11 CLOCK OSCILLATOR 

The Clock Oscillator provides the basic timing signals used by 
the R65C10. The reference frequency is provided by an external 
source and can be from a crystal or clock input. The external 
frequency may vary from 2 MHz to 8 MHz for a parallel reso- 
nant crystal input or from 20 kHz to 8 MHz for a clock input. 
The external clock rate is divided by 2 or 1 to generate an inter- 
nal master clock (MCLK) as shown in Figure 3-4. Selection of 
the input crystal/clock divide-by-2 or divide-by-1 is a mask option. 
The divide-by-2 option can be used with either a crystal or clock 
Input. The divlde-by-1 option can be used only with a clock input. 
The dlvide-by-2 option causes the R65C10 to operate at the 
same internal frequency as the R6500/1 or R6500/'( E when con- 
nected to the same input clock frequency. MCLK may be pre- 
scaled by four different values under program control (discussed 
below). 

The on-chip oscillator is designed for a parallel resonant crys- 
tal connected between XTLI and XTLO pins. The equivalent 
oscillator circuit is shown in Figure 3-5A. 

A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator operation, 
the load capacitance (Cl), series resistance (Rs) and the crys- 
tal resonant frequency (F) must meet the following two relations: 


(C + 22) = 2Cl or C = 2Cl - 22 


Re ^ Rsr 


2x106 

(FCl)2 


where: F is in MHz; C and Cl are in pF; R is in ohms. 


To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer’s catalog. Next, 
calculate Rsmax based on F and Cl. The selected crystal must 
have a Rs less than the Rsmax- 
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INTERNAL 

SYSTEM 

CLOCK 



A. Internal Clock Circuit Block Diagram 


MCLK, 02 
(-r2 OPTION1) 


MCLK, 02 
(•fl OPTION!) 


NOTE: 1. PRESCALER IN MODE 0 


B. Clock Timing Waveforms 


Figure 3-4. Internal System Clock Timing 


For example, if Cl = 30 pF for a 4 MHz parallel resonant crys- 
tal, then 

C = (2 X 30) - 22 = 38 pF (Use standard value of 39 pF.) 

(Note: C = Total shunt capacitance including that due to board 
layout.) 


The series resistance of the crystal must be less than 


= 139 ohms 


The R65C10 internal oscillator and clock can b e stop ped under 
program control (Stop mode) and restarted by a RES input. The 
Stop mode is described in Section 4. 


3.12 PRESCALER CONTROL 

Clock prescaler mode and value selection is controlled by the 
Prescaler Control Register (PCR) at the address $08E (see 
Figure 3-6). The prescaler mode (PM) is determined by the value 
written to bits 0 and 1. The prescaler value (PV) is determined 
by the value written to bits 2 and 3. The system clock (02) and 
timer clock (TCLK) rates are determined by the combination of 
selected prescaler mode and value. When prescaler mode 0 is 
selected, 02 and TCLK both run at the internal master clock 
(MCLK) rate regardless of the selected prescaler value. 02 runs 
at MCLK in prescaler modes 0 and 1 and at MCLK ^ PV in 
prescaler mode 3. TCLK runs at MCLK in prescaler mode 0 and 
at MCLK -r PV in prescaler modes 1 and 3. Prescaler mode 2 
is illegal and will cause indeterminate operation if selected. 

The selected prescaler value Is invoked in the cycle following 
the write or interrupt occurrence. Waveforms for five of these 
operations are illustrated in Figure 3-7. 








R65C10 


One-Chip Microcomputer 


C ± 5% XTLI 


2-8 MHz I IXTAL 


3 C ± 5% XTLO 


22 pF 
• I f 


T. 

R65C10 f 

22 pF d 


A. Crystal Input 


40 kHz-8 MHz2 
20 kHz-4 MHz3 


t> 


XTLI 

R65C10 


NC P XTLO 

B. Clock Input 

Notes: 

1. Clock input divide-by-2 option must be selected. 

2. Clock input divide-by-2 selected. 

3. Clock input divide-by-1 selected. 


Figure 3-5. Clock Oscillator Input Options 

3.13 CONTROL REGISTER (CR) 

The Control Register (CR), shown in Figure 3-8, is located at 
address $8F. The CR contains five control bits and three status 
bits. The control bits must be written to the Control Register. 
The status bits can be read, along with the previously written 
control bits, by reading the register. All control and statu s bits 
in the Control Register are cleared to 0 by the assertion of RES. 
The signals controlled by and reported in the CR are described 
in the following paragraphs. 

Bits 0 to 4 in the Control Register are control bits (Figure 3-8). 
The control signals are set by writing a 1 into the respective bit 
position, and cleared either b y writ ing a 0 into the respective 
bit position or by assertion of RES. 

Bits 5 to 7 in the Control Register are status bits (Figure 3-8). 
The status bits are read-only information. Each status bit is set 
to a 1 by monitoring circuitry, and is cleared to a 0 either by writ- 
ing to specific address or by assertion of RES. 

COUNTER MODE CONTROL 0 AND 1 

Counter Mode Control signals CMCO and CMC1 (bits 0 and 1) 
control the Counter operating modes. The modes of operation 
and the corresponding configuration of CMCO and CMC1 are 
shown in Figure 3-8. These modes are selected by writing the 
appropriate bit values into the Counter Mode Control bits. 



7 6 5 

4 

3 

2 

1 

0 

ADDR 

$08E 

NOT USED 

V1 

VO 

M1 

MO 


Bits 3-2 Prescaler Value (PV) Select^ 


yi yo 

0 0 

0 1 

1 0 

1 1 


Prescale Value 
Divide by 8 
Divide by 32 
Divide by 64 
Divide by 128 


Bits 1-0 Prescaler Mode (PM) Select^ 


Ml MO Mode 

0 0 0 

0 1 1 

1 0 2 

1 1 3 


System Clock 
(02) Rate 
MCLK 
MCLK 
N/A 

MCLK ^ PV 


Timer Clock 
(TCLK) Rate 
MCLK 

MCLK -r PV 
N/A (Illegal Mode) 
MCLK PV 


Note: 1 . All bits are reset to 0 by RES. 


Figure 3-6. Prescaler Control Register 


The Count er is reset to the Interval Timer mode (Mode 0) by as- 
sertion of RES (which causes Os to be loaded into all bits of 
the Control Register). 

PA1 INTERRUPT ENABLE BIT (A1IE) 

If the PA1 Interrupt Enable bit (bit 2) is set to a 1 , IRQ will occur 
when the PA1 Negative Edge Detected bit (bit 5) is set to a 1 . 

PAO INTERRUPT ENABLE BIT (AOIE) 

If the PAO Interrupt Enable bit (bit 3) is set to a 1 , IRQ will occur 
when the PAO Positive Edge Detected bit (bit 6) is set to a 1 . 

COUNTER INTERRUPT ENABLE BIT (CIE) 

If the Counter Interrupt Enable Bit (bit 4) is set to a 1 , IRQ will 
occur when Counter Overflow (bit 7) is set to a 1 . 

PA1 NEGATIVE EDGE DETECTED BIT (A1ED) 

The PA1 Negative Edge Detected bit (bit 5) is set to a 1 whenever 
a negative (falling) edge is detected on PA1 . This bit i s clea red 
to a 0 by writing to address $08A or by assertion of RES. 

The edge detecting circuitry is active regardless of whether PA1 
is an input or is an output. When PA1 is used as an output, A1 ED 
will be set when the negative edge is detected during a high-to- 
low transition. When PA1 is used as an input and the negative 


3-11 





R65C10 


One-Chip Microcomputer 


A. CHANGE FROM MODE 0 TO MODE 3 (DIVIDE BY 8) BY WRITING TO PCR 


B. CHANGE FROM MODE 3 (DIVIDE BY 8) TO MODE 0 BY WRITING TO PCR 

SYSTEM “I I 

CLOCK 


C. CHANGE FROM MODE 0 TO MODE1 (DIVIDE BY 8) BY WRITING TO PCR 


jinjiiiRnnnruirmnnjinj^^ 


D. CHANGE FROM MODE 1 (DIVIDE BY 8) TO MODE 1 (DIVIDE BY 32) BY WRITING TO PCR 



E. CHANGE FROM MODE 3 (DIVIDE BY 8) TO MODE 1 (DIVIDE BY 8) BY WRITING TO PCR, OR IRQ, OR NMI. 


SYSTEM 

CLOCK 


F. CHANGE FROM MODE 1 (DIVIDE BY 8) TO MODE 3 (DIVIDE BY 8) BY WRITING TO PCR OR BY A RETURN FROM INTERRUPT. 

'ss mirijijiruiiirij^ i 1 r 


Figure 3-7. Prescaler Waveform Examples 
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7 1 6 1 5 

4 I 3 I 2 

1 1 0 

ADDR 

INTERRUPT STATUS 

INTERRUPT ENABLE 

TIMER MODE 

$08F 

TIMER 1 PAO 1 PA1 

TIMER I PAO I PA1 

CONTROL 


Bit 7 COUNTER OVERFLOW (CTR0)1 

1 Counter overflow occurred 

0 No counter overflow 


Bit 6 PAD POSITIVE EDGE DETECT (A0ED)i 

1 PAO positive edge detected 

0 PAO positive edge not detected 

Bit 5 PA1 NEGATIVE EDGE DETECT (A1ED)1 

1 PA1 negative edge detected 

0 PA1 negative edge not detected 

Bit 4 COUNTER INTERRUPT ENABLE (CIE)2 

1 Enable counter interrupt 

0 Disable counter interrupt 

Bit 3 PAO INTERRUPT ENABLE (A0IE)2 

1 Enable PAO interrupt 

0 Disable PAO interrupt 

Bit 2 PA1 INTERRUPT ENABLE (A1IE)2 

1 Enable PA1 interrupt 

0 Disable PA1 interrupt 

Bit 10 COUNTER MODE CONTROL (CMC1 & CMC2)2 
0 0 Interval Timer 

0 1 Pulse Generator 

1 0 Event Counter 

1 1 Pulse Width Measurement 

Notes: 1. Read only. 

2. Read/write. 


Figure 3-8. Control Register 


edge detecting circuitry is used, A1 ED should be cleared by the 
user program upon initialization and upon completion of the PA1 
Negative Edge Detected IRQ processing. 

PAO POSITIVE EDGE DETECTED BIT (AOED) 

The PAO Positive Edge Detected bit (bit 6) is set to a 1 whenever 
a positive (rising) edge is detected on PAO. This bit i s clea red 
to a 0 by writing to address $089 or by assertion of RES. 

The edge detecting circuitry is active regardless of whether PAO 
is an input or is an output. When PAO is used as an output, AOED 
will be set when the positive edge is detected during a low-to- 
high transition. When PAO is used as an input and the positive 
edge detecting circuitry is used, AOED should be cleared by the 
user program upon initialization and upon completion of PAO 
Positive Edge Detected IRQ processing. 

COUNTER OVERFLOW BIT (CTRO) 

The Counter Overflow bit (bit 7) is set to a 1 whenever the Coun- 
ter overflow occurs in any of the four counter operating modes. 
Overflow occurs when the Counter is decremented one count 
from 0. This bit is cleared to a 0 by reading f rom a ddress $087, 
writing to address $088, or by assertion of RES. 


The CTRO bit should be cleared by the user program upon ini- 
tialization and upon completion of Counter Overflow IRQ inter- 
rupt processing. 

When a Counter Overflow occurs, the Upper Count (UC) in 
address $086, and the Lower Count (LC) in address $087, are 
loaded with to the values contained in the Upper Latch (UL) in 
address $084, and in the Lower Latch (LL) in address $085, 
respectively. 

3.14 PARALLEL INPUT/OUTPUT PORTS 

The R65C10 provides four memory-mapped 8-bit Input/Output 
(I/O) ports: PA, PB, PC and PD. All 32 I/O lines of the four ports 
are completely bidirectional. All lines may be used either for input 
or output in any combination, i.e., there are no line grouping 
or port association restrictions. A mask option is available to 
select I/O port operation with or without direction registers. 
Table 3-1 lists the I/O port and edge detected bit reset addresses. 


Table 3-1. I/O Port Addresses 


Port/Function 

Address 

Port A Direction Register (Write Only) 

$090 

Port B Direction Register (Write Only) 

$091 

Port C Direction Register (Write Only) 

$092 

Port D Direction Register (Write Only) 

$093 

Port A Data Register (Read/Write) 

$080 

Port B Data Register (Read/Write) 

$081 

Port C Data Register (Read/Write) 

$082 

Port D Data Register (ReadAA/rite) 

$083 

Clear PAO Positive Edge Detected Bit (Write Only) 

$089 

Clear PA1 Negative Edge Detected Bit (Write Only) 

$08A 


I/O PORT OPERATION WITHOUT DIRECTION 
REGISTERS 

If direction registers are not selected, the direction of the 32 I/O 
lines is controlled by writing to the four 8-bit port data registers 
located in page zero at addresses $80-$83 (see Figure 3-3). This 
arrangement provides quick programming access using simple 
2-byte zero page address instructions. I/O handling is simpli- 
fied since programming of direction registers is not required. 


Inputs 

Inputs are enabled by writing a 1 into all I/O port register bit 
positions that correspond to input lines. A low ( <0.8 Vdc) input 
level causes a 0 to be read when a read instruction is issued 
to the port register. A hig h (>2 .0 Vdc) input level causes a 1 
to be read. Assertion of RES forces all bits in the I/O port 
registers to Is, thus initially treating all I/O lines as inputs. 

The status of the input lines can be interrogated at any time by 
reading the I/O port addresses. Note that this will return the 
actual status of the input lines, not the data written into the I/O 
port register. 
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Outputs 

Outputs are controlled by writing the desired I/O line output 
states into the corresponding I/O port register bit positions. 

A 1 will force a high ( > 2.4 Vdc) output while a 0 will force a low 
(<0.4 Vdc) output. 


PA1 Negative Edge Detection 

In addition to its normal I/O function, an asynchronous negative 
(falling) edge signal can be detected on PA1. This occurrence 
wil be reported in the PA1 Negative Edge Detected bit in the 
Control Register (CR5). CR5 is cleared by writing to address 
$08A or by assertion of RES. 


I/O PORT OPERATION WITH DIRECTION REGISTERS 

If direction registers are selected, the direction of all 32 I/O lines 
is controlled by individual bits in four write-only I/O port direc- 
tion registers. The direction registers for ports A, B, C and D 
are located at addresses $90, $91 , $92 and $93, respectively. 
Setting a bit in a direction register to a 1 causes the correspond- 
ing I/O line to operate as an output; resetting the bit to a 0 causes 
the I/O line to be an input. Assertion of RES clears all 
direction register bits to Os causing all I/O lines to initially be 
inputs. 

Inputs 

If an I/O line is an input, the state of the corresponding bit in 
the I/O port data register shows the input logic level; 1 = high; 

0 = low. 

Outputs 

If an I/O line is an output, the state of the corresponding bit writ- 
ten to the port data register determines the output logic level; 

1 =high; 0 = low. 

EDGE DETECTION CAPABILITY 

The Port A PAO and PA1 circuitry has edge detection capabil- 
ity. Edges detected on these lines are reported in the Control 
Register and will cause an IRQ if enabled in the Control Register 
(see Section 3.14). The edge detect timing waveforms are illus- 
trated in Figure 3-9. 

PAO Positive Edge Detection 

In addition to its normal I/O function, an asynchronous positive 
(rising) edge signal can be detected on PAO. This occurrence 
will be reported in the PAO Positive Edge Detected bit in the Con- 
trol Register (CR6) . CR 6 is cleared by writing to address $089 
or by assertion of RES. 


3.15 COUNTER/LATCH 

GENERAL 

The Counter/Latch consists of a 16-bit Counter, and a 16-bit 
Latch. The Counter resides in two 8-bit registers: address $086 
contains the Upper Count value (bits 8-15 of the Counter) and 
address $087 contains the Lower Count value (bits 0-7 of the 
Counter). The Counter contains the count of either unsealed or 
prescaled 02 clock periods, or external events, depending on 
Counter mode selected in the Control Register and, for clock 
driven Counter modes, the Prescaler mode and value selected 
in the Prescaler Control Register. Table 3-2 lists the addresses 
associated with Counter/Latch operation. 


Table 3-2. Counter/Latch Addresses 


Function 

Address 

Write Upper Latch (Write Only) 

$084 

Write Lower Latch (Write Only) 

$085 

Read Upper Count (Read Only) 

$086 

Read Lower Count, Clear Timer Overflow (Read Only) 

$087 

Write Upper Latch and Transfer Latch to Counter, 

Clear Counter Overflow (Write Only) 

$088 


The Latch contains the Counter initialization value. The Latch 
resides in two 8-bit registers; address $084 contains the Upper 
Latch value (bits 8-15 of the Latch) and address $085 contains 
the Lower Latch value (bits 0-7 of the Latch). The 16-bit Latch 
can hold values from 0 to 65,535. 

The latch registers can be loaded at any time by writing to the 
Upper Latch address ($084) and the Lower Latch address ($085). 
In each case, the contents of the Accumulator are copied into 
the applicable Latch register. The Upper Latch and Lower Latch 



Figure 3-9. PAO and PA1 Edge Detection Timing Waveforms 
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can be loaded independently; it is not required to load both 
registers at the same time, or sequentially. The Upper Latch can 
also be loaded by writing to address $088. 

The Counter will also be initialized to the Latch value whenever 
the Counter overflows. When the Counter decrements from 0, 
the next Counter value will be the Latch value, not $FFFF. 

Whenever the Counter overflows, the Counter Overflow status 
bit in the Control Register (CR7) is set to a 1 . This bit is cleared 
whenever the lower eight bits of the Counter are read from 
address $087 or by writing to address $088. 


COUNTER/TIMER MODES 

The Counter operates in any of four modes. These modes are 
selected by the Counter Mode Control bits in the Control Register 
(see Table 3-3). 

The Interval Timer, Pulse Generator, and Pulse Width Measure- 
ment modes are internally clocked modes. The Event Counter 
Mode counts the occurrences of an external event on the CNTR 
line. 


Interval Timer (Mode 0) 

In the Interval Timer mode, the Counter is initialized to the Latch 
value by either of two conditions; 

1 . When the Counter is decremented from 0, the next Counter 
value is the Latch value, not $FFFF. 

2. When a write operation is performed to the Upper Latch and 
the Transfer Latch to Counter address ($088), the Counter 
is loaded with the Latch value. Note that the contents of the 
Accumulator are loaded into the Upper Latch before the Latch 
value is transferred to the Counter. 

The Counter value is decremented at the timer clock (TCLK) rate. 
The 16-bit Counter can hold from 1 to 65,535 counts. For a 
4 MHz internal 02 clock and no prescaler selected, the timer 
range is 0.25 /iS to 16.384 ms. For a 4 MHz internal 02 clock 
and divide-by-128 prescaler selected, the timer range is 32 /ts 
to 2.097 seconds. 

When the Counter decrements from 0, the Counter Overflow bit 
in the Control Register (CR7) is set to a 1 at the next counter 
clock pulse. If the Counter Interrupt Enable bit (CR4) is also set, 
IRQ will occur. The Counter Overflow bit in the Control Register 
can be examined in the IRQ interrupt routine to determine that 
the IRQ was caused by the Counter overflow. 

While the timer is operating in the Interval Timer mode, the 
Counter-Out/Event-In (CNTR) line is held in the high impedance 
state (output disabled). 

A timing diagram of the Interval Timer mode is shown in 
Figure 3-10. 


Pulse Generator Mode (Mode 1) 

In the Pulse Generator mode, the CNTR line operates as a 
Counter-Out. When a write is performed to address $088 the 
CNTR output is initialized high. The Counter is decremented at 
the TCLK rate. The CNTR line toggles from low to high or from 
high to low whenever a Counter overflow occurs. 

Either a symmetric or an asymmetric output waveform can be 
output on the CNTR line in this mode. The CNTR output is 
initialized to the high impedance state (output disabled) by 
as sertio n of RES since the Interval Timer mode is established 
by RES. 


Event Counter Mode (Mode 2) 

In this mode, the CNTR line is used as an Event-In input, and 
the Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be detected 
is one-half the system (02) clock rate. 

The Counter can count up to 65,535 occurrences before 
overflowing. As in the other modes, the Counter Overflow bit 
(CR7) Is set to a 1 if the overflow occurs. 

Figure 3-11 Is a timing diagram of the Event Counter mode. 


Pulse Width Measurement Mode (Mode 3) 

This mode allows the accurate measurement of a low pulse dura- 
tion on the CNTR line. In this mode, CNTR is used in the Event-In 
capacity. The Counter decrements at the TCLK rate as long as 
the CNTR line is held in the low state. The Counter is stopped 
when CNTR is in the high state. 

If the CNTR pin is left disconnected, this mode may be selected 
to stop the Counter since the internal pull-up device (if present) 
will cause the CNTR input to be in the high (>2.0 volt) state. 

A timing diagram for the Pulse Width Measurement mode is 
shown In Figure 3-12. 


3.16 INTERRUPT LOGIC 

Interrupt l ogic c ontrols the sequencing of RES and the two 
interrupts: NMI, and IRQ. 

RES Sequencing 

RES going from low-to-high causes the R65C/1 to set the Inter- 
rupt Disable bit in the Processor Status Register (bit 2) and to 
initiate RES vector fetch at address $FFC and $FFD to begin 
user program execution. All of the I/O ports (PA, PB, PC, and 
PD) and CNTR are forced to the high (logic 1) state. All bits of 
the Control Register are cleared to logic 0, causing the Interval 
Timer Counter Mode (Mode 0) to be selected and causing all 
Interrupt enable bits to be reset. All Prescaler Control Register 
bits are also reset to 0 causing Prescaler Mode 0 to be selected. 
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Figure 3-12. Pulse Width Measurement (Mode 3) Timing Waveforms 


NMI Sequencing 

At the first o perat ion code fetch following the high-to-low transi- 
tion of the NMI input, the interrupt logic forces execution 
of the Break (BRK) instruction and subsequent execution from 
the address vector stored at $FFA and $FFB. Simultaneous with 
the execution of the BRK instruction, the Interrupt Disable bit 
in the Processor Status Register is set to disable an IRQ and 
bit 1 in the Prescaler Control Register is cleared to select 
unsealed system clock. Bit 0 of the Prescaler Control Register 
is unaffected. 

IRQ Sequencing 

The internal IRQ can be generated by any or all of three possi- 
ble conditions: Counter Overflow, a positive edge detected on 
PAO, or a negative edge detected on PA1 . The IRQ in response 
to these conditions can be enabled or disabled by setting or 
resetting the appropriate interrupt enable bits in the Control 
Register. 

The first IRQ condition is Counter Overflow. IRQ will occur 
whenever both the Counter Interrupt Enable (CR4) and the 
Counter Overflow (CR7) are logic 1. 


The second IRQ condition is detection of a positive edge on PAO. 
IRQ will occur whenever both the PAO Interrupt Enable (CR3) 
and the PAO Positive Edge Detected (CR6) are logic 1 . 

The third IRQ condition is detection of a negative edge on PA1 . 
IRQ will occur whenever both the PA1 Interrupt Enable (CR2) 
and the PA1 Negative Edge Detected (CR5) are logic 1 . 

Multiple simultaneous interrupts will cause the IRQ to remain 
active until all interrupting conditions have been serviced and 
cleared. 

The IRQ interrupt occurs when bit 2 of the Process Status 
Register is clear (enabling an IRQ), an IRQ enable bit (bit 2, 3 
or 4) in the Control Register is set, and the corresponding inter- 
rupt bit (bit 5, 6 or 7) in the Control Register is set. Upon IRQ 
Interruption, the BRK instruction is forced and subsequent pro- 
gram execution begins from the address vector stored at $FFE 
and $FFF. Bit 2 of the Processor Status Register is set. Bit 1 
In the Prescaler Control Register is cleared to select unsealed 
system 02 clock. Bit 0 of the Prescaler Control Register is 
unaffected. 
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SECTION 4 

POWER ON/OFF INITIALIZATION 
AND OTHER CONSIDERATIONS 


This section describes power turn-on, stop mode and mask 
option considerations for the R65C10. 

4.1 POWER-ON TIMING 

After application of Vcc power to the R65C10, RES must be 
held low for at least eight 02 clock cycles after Vcc reaches 
operating range and the internal clock oscillator has stabilized. 
This stabilization time is dependent upon the input Vcc voltage 
and performance of the crystal or clock input circuit. The clock 
oscillator output can be monitored on XTLO (Pin 11). 

The power turn-on waveforms are illustrated in Figure 4-1. 

4.2 STOP MODE 

The Stop mode is an ultra-low-power mode in which the 
internal oscillator and clock is stopped. This mode is entered 
by writing to address $08D and is exited only when RES is 
asserted. 

While in this mode, the R65C10 is dormant; however, the con- 
tents of RAM are preserved. Maximum power dissipation while 
in the Stop mode is under 4 mW. The oscillator stops with XTLO 
low. 

A mask option is provided to inhibit Stop mode entry. This option 
is recommended if Stop mode is not used during operation. 

4.3 MASK OPTIONS 

Mask options are user selectable options permanently imple- 
mented when the R65C10 device is manufactured in response 


to a customer order. The options are to be specified on the 
R65C1 0 sheet in the R6500/* ROM Code Order Forms (Literature 
Order No. 2134). The options deal with three basic circuits: 

• Input crystal/clock frequency divisor 

• I/O port direction registers and internal pull-up resistors 

• Stop mode enable/disable 

Input Crystal/Clock Frequency Divisor 

The input clock/crystal frequency divisor can be selected to be 
either 1 or 2 (see Section 3.11). 

Direction Registers/Pull-up Resistors 

Direction registers can be selected for controlling port input/ 
output operation (see Section 3.14). 

If direction registers are not used, then internal pull-up resistors 
can be optionally selected. In this case, pull-up resistors can 
be optionally included for 8-bit port groups only, i.e., not for indi- 
vidual I/O lines within an 8-bit port group. In addition, an inter- 
nal pull-up for the CNTR line is selectable. 

If direction registers are included, then internal pull-ups are not 
allowed. 

Stop Mode Entry Enable 

An option also exists to enable Stop mode use by writting to 
address 08D. (see Section 4.2). 



Figure 4-1. Power Turn-On Timing Detail 
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SECTION 5 

SYSTEM SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.3 to -f-7.0 

Vdc 

Input Voltage 

V|N 

-0.3 to +7.0 

Vdc 

Storage Temperature 

Tstg 

- 55 to +150 

OC 


'NOTE: Stresses exceeding those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in the other sections of this document 
is not implied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

Vcc 

5.0 Vdc ±10% 

Operating Temperature (Ambient) 
Commercial 

Industrial 

Ta 

Tl to Th 

0°C to +70®C 
-40°C to +85'’C 


ELECTRICAL CHARACTERISTICS 

(Over operating conditions unless otherwise noted) 


Parameter 

Symbol 

Min 

Typi 

Max 

Units 

Test Conditions 

Input High Voltage 

V,H 




V 

Vcc = 5.5V 

All except NMI and RES 


+ 2.0 

— 

Vcc 



NMI, RES 


+ 2.4 

— 

Vcc 



Input Low Voltage 

V,L 

- 

— 

+ 0.8 

V 

Vcc = 4.5V 

Input Leakage Current 

l|N 

— 

— 

±2.5 

aA 

V|N = 0 to 5.0V 

RES, NMI 







Output High Voltage 

VqH 

+ 2.4 

— 

— 

V 

Vcc = 4.5V 

Load = - 100 /lA 

Output Low Voltage 

VoL 

— 

— 

+ 0.4 

V 

Vcc = 5.5V 

Load = 1-6 mA 

Output High Current (Sourcing) 

•oh 

-100 

- 

- 

^A 

VouT = 2.4V 

Output Low Current (Sinking) 

•OL 

1.6 

— 

— 

mA 

VouT = 0.4V 

I/O Port Pull-Up Resistance 

Rl 

2.0 

3.2 

6.0 

Kohm 


PA0-PA7, PB0-PB7, PC0-PC7, 
PD0-PD7, CNTR 







Input Capacitance 

C|N 




PF 

Ta = 25»C 

XTLI, XTLO 


— 

— 

25 


V,N = ov 

PA0-PA7, PB0-PB7, PC0-PC7, 
PD0-PD7, CNTR 


— 

— 

7 


f = 2 MHz-4 MHz 

Output Capacitance 

CquT 

— 

— 

50 

PF 

1 TTL load 

Input Frequency (f) 

f 






Crystal 


2.0 

— 

8.0 

MHz 

+ 2 selected 

Clock 


0.04 

— 

8.0 

MHz 

+ 2 selected 

Clock 


0.02 

— 

4.0 

MHz 

+ 1 selected 

Power Dissipation 






Vcc = 5.5V 

Outputs High 

Operating 


— 

12 

14 

mW/MHz 

Frequency = unsealed 02 clock 

Stop Mode 


— 

1.4 

1.6 

mW 

No external clock input 

Notes: 

1. Ta = 25°C and Vcc = 5.0V. 







2. Negative sign indicates outward current flow, positive indicates inward flow. 
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SWITCHING CHARACTERISTICS 

(Over operating conditions unless otherwise noted) 





1 MHz 

2 




Min 

Max 

Min 

XTLI Input Clock 






Cycle Time 

-r2 

^CYC 

0.500 

25.0 

0.250 

Pulse Width, Low 

•t2 

^PWL 

100 


55 

Pulse Width, High 

Rise and Fall Time 

■r2 

■r2 

tpWH 

100 

60 

55 

XTLI Input Clock 






Cycle Time 


^CYC 

1.000 

50.0 

0.500 

Pulse Width, Low 


tpwL 

450 


225 

Pulse Width, High 

Rise and Fall Time 

I -r1 
-1 

tpWH 

tR, tp 

450 

20 

225 

Count and Edge Detect 






Pulse Width 



1 


1 


‘Function of Prescaler 


SWITCHING WAVEFORMS 
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APPENDIX A 

R65C10 INSTRUCTION SET 


This appendix summarizes the R65C10 instruction set. The basic 
instructions are listed alphabetically by standard mnemonic in 
Table A-1. The instruction operation codes (OP Codes) for all 
valid addressing modes are listed in Table A-2. Also listed in 
Table A-2 are the number of bytes and number of CPU cycles 
required in each addressing mode. The effect of instruction 
execution on the Processor Status Register is also shown. 


A matrix of instructions and addressing modes arranged by 
operation code is shown in Table A-3, For detailed information 
about CPU instruction execution, consult the R6500 Program- 
ming Manual (Order No. 202). 

Table A-4 summarizes the differences in operation between the 
R65C10 CPU and the R6502 CPU. 


Table A-1. R65C10 Instruction Set Alphabetic Sequence 


Mnemonic 

instruction 

Mnemonic 

Instruction 

ADC 

Add Memory to Accumulator with Carry 

JMP 

Jump to New Location 

AND 

“AND” Memory with Accumulator 

JSR 

Jump to New Location Saving Return Address 

ASL 

Shift Left One Bit (Memory or Accumulator) 





LDA 

Load Accumulator with Memory 



LDX 

LOAD Index X with Memory 

BCC 

Branch on Carry Clear 

LDY 

Load Index Y with Memory 

BCS 

BEQ 

Branch on Carry Set 

Branch on Result Zero 

LSR 

Shift One Bit Right (Memory or Accumulator) 

BIT 

Test Bits in Memory with Accumulator 

NOP 

No Operation 

BMI 

Branch on Result Minus 

ORA 

“OR” Memory with Accumulator 

BNE 

Branch on Result not Zero 



BPL 

Branch on Result Plus 

PHA 

Push Accumulator on Stack 

BRK 

Force Break 

PHP 

Push Processor Status on Stack 

BVC 

Branch on Overflow Clear 

PLA 

Pull Accumulator from Stack 

BVS 

Branch on Overflow Set 

PLP 

Pull Processor Status from Stack 

CLC 

Clear Carry Flag 

ROL 

Rotate One Bit Left (Memory or Accumulator) 

CLD 

Clear Decimal Mode 

ROR 

Rotate One Bit Right (Memory or Accumulator) 

CLI 

Clear Interrupt Disable Bit 

RTI 

Return from Interrupt 

CLV 

Clear Overflow Flag 

RTS 

Return from Subroutine 

CMP 

Compare Memory and Accumulator 



CPX 

Compare Memory and Index X 

SBC 

Subtract Memory from Accumulator with borrow 

CPY 

Compare Memory and Index Y 

SEC 

Set Carry Flag 



SED 

Set Decimal Mode 



SEI 

Set Interrupt Disable Status 

DEC 

Decrement Memory by One 

STA 

Store Accumulator in Memory 

DEX 

Decrement Index X by One 

STX 

Store Index X in Memory 

DEY 

Decrement Index Y by One 

STY 

Store Index Y in Memory 

EOR 

“Exclusive-Or” Memory with Accumulator 

TAX 

Transfer Accumulator to Index X 



TAY 

Transfer Accumulator to Index Y 



TSX 

Transfer Stack Pointer to Index X 

INC 

Increment Memory by One 

TXA 

Transfer Index X to Accumulator 

INX 

Increment Index X by One 

TXS 

Transfer Index X to Stack Register 

INY 

Increment Index Y by One 

TYA 

Transfer Index Y to Accumulator 
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Table A.2. R65C10 Instruction Set by Address Modes 




ADDRESSING MODES | 








IMMEDIATE 

ABSOLUTE 

ZERO PAGE 

ACCUM 

IMPLIED 

UNO. XI 

(INOI. r 

1 PAGE. X 

A.SX 

ABS. Y 

RELATIVE 

INDIRECT 

Z PAGE. T 

COOES 







OP 

































OP 


r— 

7 6 5 4 3 2 1 0 

MNEMONIC 

L ON C 

OrtRATlOH 


" 





OP 



or 



Uf 



OP 

" 


OP 

" 

* 

OP 



UP 



or 


• 

01 



or 




* 

N V • 

B D 


7 C 

ADC 

A ♦ M * C-A |4){1) 

69 

2 

2 

6D 

4 

3 

65 

3 

2 








6 

2 

71 

5 

2 

75 

4 

2 

7D 

A 

3 

79 

4 

3 










N V . 



z c 

ADC 

AND 

AAM-A (1) 

29 

2 

2 

2D 


3 

25 

3 

2 







21 

6 

2 

31 

5 

2 

35 


2 

3D 


3 

39 

A 

3 










N . 



z . 

AND 

A S L 

C -Tr ol-O 




OE 






OA 












16 

6 

2 

IE 


3 


















B C C 

BRANCH ON C = 0 (21 


























90 

2 

2 











B C C 

B C S 

BRANCH ON C = 1 (2) 










u 





















BO 

2 

2 











B C S 

BED 

BRANCHONZ=1 (2) 


















r" 

n 












FO 

2 












B E 0 

B I T 

AAM 




2C 

4 

3 

24 

3 

2 































M,Mj> 



z • 

B 1 T 

8 M I 

BRANCHONN=1 (2) 































30 

2 

2 











B M 1 

B N E 

BRANCHONZ = 0 (2) 































DO 

2 

2 











B N E 

B P L 

BRANCHONN = 0 (2) 































10 

2 

2 











B P L 

8 R K 

BREAK 













00 

7 

1 




7 

















7 





1 • 

1 


B R K 

B V C 

BRANCHONVrO (2) 































60 

2 

2 











B V C 

B V S 

BRANCHONV=1 (21 































70 

2 

2 











B V S 

C L C 

0- C 













18 

2 

1 




























. 0 

C L C 

C L D 

0 - D 













D8 

2 

1 


























• 0 


• • 

C L D 

C L I 

0 -1 













58 

2 

1 



























0 


C L 1 

C L V 

0-V 













B8 

2 

1 

























. 0 . 




C L V 

CMP 

A - M (1) 

C9 

2 

2 

CO 

4 

3 

C6 

3 

2 







Cl 

6 

2 

01 

5 

2 

D5 

4 

2 

DD 

4 

3 

D9 

4 

3 










N . . 



z c. 

CMP 

C P X 

X - M 

EO 

2 

2 

EC 

4 

3 

E4 

3 

2 































N • 



z c 

C P X 

C P Y 

Y - M 

CO 

2 

2 

CC 

4 

3 

C4 

3 

2 































N . 



Z C 

C P Y 

DEC 

M - 1 - M 




CE 


7 

C6 

5 

2 













D6 

6 

2 

DE 

7 

3 













N . . 



z . 

DEC 

D E X 

X ^ 1 - X 













CA 

2 

1 

























N . . 



z . 

D E X 

D E Y 

Y - 1 -Y 













88 

2 

1 

























N ■ . 



Z • 

D E Y 

E O R 

A V M -A (1) 

49 

2 

2 

40 

4 

3 

45 

3 

2 







41 

6 

2 

51 

5 

2 

55 

4 

2 

5D 

4 

3 

59 

4 

3 










N . . 



z • 

E 0 R 

I N C 

M + 1 -M 




EE 

6 

3 

E6 

5 

2 













F6 

6 

2 

FE 

7 

3 













N . 



^ • 

1 N C 

I N X 

X * 1 -X 













Ee 

2 

1 




— 





















N . . 




1 N X 

I N Y 

Y * 1 -Y 













C8 

2 

1 

























N . . 



z • 

1 N^Y 

J M P 

JUMP TO NEW LOG 




4C 


3 




























6C 

5 

3 








J M P 

J S R 

JUMPSUB 




20 

6 

3 






































J S R 

L D A 

M-A (1) 

A9 

2 

2 

AD 

4 

3 

A5 

3 

2 







A1 

6 

2 

B1 

5 

2 

85 

4 

2 

BD 

4 

3 

B9 

4 

3 










N • • 



z • 

L D A 

L D X 

M-X (1) 

A2 

2 

2 

AE 


3 

A6 


2 



















BE 

4 

3 







B6 


2 

N . . 



2 • 

L D X 

L D Y 
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Table A-3. R65C10 Instruction Set Operation Code Matrix 


BRK 

Implied 

1 7 

ORA 
(IND, X) 

2 6 




ORA 

ZP 

2 3 

ASL 

ZP 

2 5 


PHP 

Implied 

1 3 

ORA 

IMM 

2 2 

ASL 

Accum 

1 2 



ORA 

ABS 

3 4 

ASL 

ABS 

3 6 

BPL 

Relative 

2 2 ^ 

ORA 
(IND), Y 

2 5a 




ORA 
ZP, X 

2 4 

ASL 
ZP, X 

2 6 


CLC 

Implied 

1 2 

ORA 
ABS, Y 

3 43 




ORA 
ABS, X 

3 43 

ASL 
ABS, X 
3 7 

JSR 

Absolute 

3 6 

AND 
(IND, X) 

2 6 



BIT 

ZP 

2 3 

AND 

ZP 

2 3 

ROL 

ZP 

2 5 


PLP 

Implied 

1 4 

AND 

IMM 

2 2 

ROL 

Accum 

1 2 


BIT 

ABS 

3 4 

AND 

ABS 

3 4 

ROL 

ABS 

3 6 

BMI 

Relative 

2 2b 

AND 
(IND), Y 

2 5® 




AND 
ZP, X 

2 4 

ROL 
ZP, X 

2 6 


SEC 

Implied 

1 2 

AND 
ABS, Y 

3 43 




AND 
ABS, X 

3 43 

ROL 
ABS, X 
3 7 

RTI 

Implied 

1 6 

EOR 
(IND, X) 

2 6 




EOR 

ZP 

2 3 

LSR 

ZP 

2 5 


PHA 

Implied 

1 3 

EOR 

IMM 

2 2 

LSR 1 
Accum 


JMP 

ABS 

3 3 

EOR 

ABS 

3 4 

LSR 

ABS 

3 6 

BVC 
Relative 
2 2b 

EOR 
(IND), Y 

2 53 




EOR 
ZP, X 

2 4 

LSR 
ZP, X 

2 6 


CLI 

Implied 

1 2 

EOR 
ABS, Y 

3 43 

1 



EOR 
ABS, X 

3 43 

LSR 
ABS, X 

3 7 

RTS 

Implied 

1 6 

ADC 
(IND, X) 

2 6= 




ADC 

ZP 

2 3=: 

ROR 

ZP 

2 5 


PLA 

Implied 

1 4 

ADC 

IMM 

2 2c 

ROR 

Accum 

1 2 1 


JMP 

Indirect 

3 5 

ADC 

ABS 

3 43 

ROR 

ABS 

3 6 

BVS 

Relative 

2 2b 

ADC 
(IND), Y 

2 53': 




ADC 
ZP, X 

2 43 

ROR 
ZP, X 

2 6 


SEI 

Implied 

1 2 

ADC 
ABS, Y 

3 43 .C 




ADC 
ABS, X 

3 43 .= 

ROR 
ABS, X 

3 7 


STA 
(IND, X) 

2 6 



STY 

ZP 

2 3 

STA 

ZP 

2 3 

STX 

ZP 

2 3 


DEY 

Implied 

1 2 


TXA 

Implied 

1 2 


STY 

ABS 

3 4 

STA 

ABS 

3 4 

STX 

ABS 

3 4 

BCC 

Relative 

2 2b 

STA 
(IND), Y 

2 6 



STY 
ZP, X 

2 4 

STA 
ZP, X 

2 4 

STX 
ZP, Y 

2 4 


TYA 

Implied 

1 2 

STA 
ABS, Y 

3 5 

TXS ! 
Implied 
' 2 



STA 
ABS, X 

3 5 


LDY 

IMM 

2 2 

LDA 
(IND, X) 

2 6 

LDX 

IMM 

2 2 


LDY 

ZP 

2 3 

LDA 

ZP 

2 3 

LDX 

ZP 

2 3 


TAY 

Implied 

1 2 

LDA 

IMM 

2 2 

TAX 

Implied 

1 2 


LDY 

ABS 

3 4 

LDA 

ABS 

3 4 

LDX 

ABS 

3 4 

BCS 

Relative 

2 2b 

LDA 
(IND), Y 

2 53 


1 

LDY 
ZP, X 

2 4 

LDA 
ZP, X 

2 4 

LDX 
ZP, Y 

2 4 


CLV 

Implied 

1 2 

LDA 
ABS, Y 

3 43 

TSX 

Implied 

1 2 


LDY 
ABS, X 

3 43 

LDA 
ABS, X 

3 43 

LDX 
ABS, Y 

3 43 

CPY 

IMM 

2 2 

CMP 
(IND, X) 

2 6 



CPY 

ZP 

2 3 

CMP 

ZP 

2 3 

DEC 

ZP 

2 5 


INY 

Implied 

1 2 

CMP 

IMM 

2 2 

DEX 

Implied 

1 2 


CPY 

ABS 

3 4 

CMP 

ABS 

3 4 

DEC 

ABS 

3 6 

BNE 

Relative 

2 2b 

CMP 
(IND), Y 

2 53 




CMP 
ZP, X 

2 4 

DEC 
ZP, X 

2 6 


CLD 

Implied 

1 2 

CMP 
ABS, Y 

3 43 




CMP 
ABS, X 

3 43 

DEC 
ABS, X 

3 7 

CPX 

IMM 

2 2 

SBC 
(IND, X) 

2 6= 



CPX 

ZP 

2 3 

SBC 

ZP 

2 3= 

INC 

ZP 

2 5 


INX 

Implied 

1 2 

SBC 

IMM 

2 2= 

NOP 

Implied 

1 2 


CPX 

ABS 

3 4 

SBC 

ABS 

3 43 

INC 

ABS 

3 6 

BEQ 

Relative 

2 2b 

SBC 
(IND), Y 

2 53.0 




SBC 
ZP, X 

2 4': 

INC 
ZP, X 

2 6 


SED 

Implied 

1 2 

SBC 
ABS, Y 

3 43 .C 




SBC 
ABS, X 

3 43.3 

INC 
ABS, X 
3 7 


^Add 1 to N if page boundary is crossed. 

^Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
‘^Add 1 to N if in decimal mode. 


BRK — OP Code 
0 Implied — Addressing Mode 

17 — No. of Instruction Bytes (#); No. of Machine Cycles (n) 
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Table A-4. R65C10 Instruction Enhancements 


Function 

NMOS R6502 Microprocessor 

CMOS R65C10 Microprocessor 

Indexed addressing across page boundary. 

Extra read of invalid address. 

Extra read of last instruction byte. 

Jump indirect, operand = XXFF. 

Page address does not increment. 

Page address increments and adds one 
additional cycle. 

Read/modify/write instructions at effective 
address. 

One read and two write cycles. 

Two read and one write cycle. 

Decimal flag. 

Indeterminate after reset. 

Initialized to binary mode (D = 0) after reset 
and interrupts. 

Flags after decimal operation. 

Invalid N, V and Z flags. 

Valid flag adds one additional cycle. 

Interrupt after fetch of BRK instruction. 

Interrupt vector is loaded, BRK vector is 
ignored. 

BRK is executed, then interrupt is executed. 
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PACKAGE DIMENSIONS 


40-PIN CERDIP 
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R6500/1 

Rockwell 

One-Chip Microcomputer 


SECTION 1 
INTRODUCTION 


SUMMARY 

The Rockwell R6500/1 microcomputer is a complete 8-bit com- 
puter fabricated on a single chip using an N-channel silicon gate 
MOS process. The R6500/1 complements an established and 
growing line of R6500 products and has a wide range of microcom- 
puter applications. 

The R6500/1 consists of an R6502 Central Processing Unit (CPU), 
2048 bytes of Read Only Memory (ROM), 64 bytes of Random 
Access Memory (RAM) and interface circuitry for peripheral 
devices. 

The innovative architecture and the demonstrated high perfor- 
mance of the R6502 CPU, as well as instruction simplicity, results 
in system cost-effectiveness and a wide range of computational 
power. These features make the R6500/1 a leading candidate for 
microcomputer applications. 

To facilitate system and program development for the R6500/1, 
Rockwell has developed a 64-pin R6500/1E Emulator device, as 
well as a pin-compatible R6500/1 EB Backpack Emulator device. 
For more information, refer to the data sheets for the R6500/1E 
(Order No. D51S) and the R6500/1EB (Order No. D60). 

This product description is for the reader familiar with the R6502 
CPU hardware and programming capabilities. A detailed descrip- 
tion of the R6502 CPU hardware is included in the R6500 
Microcomputer System Hardware Manual (Document Order 
No. 201). A description of the instruction capabilities of the R6502 
CPU is contained in the R6500 Microcomputer Systems Program- 
ming Manual (Document Order No. 202). 

ORDERING INFORMATION 

Part Number: 

R6500/1 

Temperature Range (Tl to Th): 

Blank = 0®Cto-H70°C 

E = -40°Cto +85°C 

' Package 

P = 40-Pin Plastic DIP 
j = 44-Pin Plastic Leaded 
Chip Carrier (PLCC) 

Frequency 

No Letter = 1 MHz 
A = 2 MHz 


FEATURES 

• Single-chip microcomputer 

• R6502 software compatible 

• Eight-bit parallel processing 

• Decimal or binary arithmetic 

• Variable length stack 

• True indexing capability 

• Thirteen addressing modes 

• 1 or 2 MHz clock operation, with the following options: 

— External single clock input 

— RC time base input 

— Crystal time base input 

• Single +5V power supply 

• 500 mw operating power 

• Separate power pin for RAM with standby power only 10% of 
operating power 

• 2K X 8 ROM on chip 

• 64 X 8 RAM on chip 

• 40-pin DIP and 44-pin PLCC 

• 64-pin R6500/1E Emulator part available, with 40 signals iden- 
tical to production part 

• 40-pin R6500/1 EB Backback Emulator part available, pin com- 
patible with an R6500/1 

• Pipeline architecture 

• 32 bidirectional TTL compatible I/O lines 

— 1 positive edge sensitive I/O lines 

— 1 negative edge sensitive I/O line 

• 1 bidirectional TTL compatible counter I/O line 

• 16-bit timer/counter 

• Four timer/counter modes 

— Internal timer 

— Pulse generator , ^ 

— Event counter 

— Pulse width measurement 

• Three maskable interrupts 

— 1 counter overflow 

— 2 I/O edge detect 

• NMI and Reset interrupts 


Document No. 29650N48 


Product Description 


Order No. 212 
Rev. 2, June 1987 





SECTION 2 

INTERFACE REQUIREMENTS 


This section describes the interface requirements for the R6500/1 the R6500/1. Figure 2-2 shows the pin out configuration and 

single chip microcomputer. Figure 2-1 is the Interface Diagram for Table 2-1 describes the function of each pin of the R6500/1. 



Figure 2-1. R6500/1 Interface Diagram 



Figure 2-2. R6500/1 Pin Assignments 
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Table 2-1. R6500/1 Pin Description 


Signal Name 

I/O 

Description 

vcc 


Power. Main power supply + 5V. 

VRR 


RAM Retention Power. Separate power pin for RAM. In the event that VCC power is lost, this power retains 

RAM data +5V. 

VSS 


Ground. Signal and power ground (OV). 

XTLI 

I 

Crystal In. Crystal or clock input for Internal clock oscillator. 

XTLO 

0 

Crystal Out. Crystal output from internal clock oscillator. 

RES 

I 

Reset. The Reset input is used to Initialize the R6500/1. The signal must not transition from low to high for at 
least eight cycles after VCC reaches operating range and the internal oscillator has stabilized (see Section 5). 

NMi 

I 

Non-Maskable Interrupt. A negative going edge on the Non-Maskable Interrupt signal requests that a non- 
maskable interrupt be generated within the CPU. 

PA0-PA7 

I/O 

Port A. General purpose I/O Port A. 

PB0-PB7 

I/O 

Port B. General purpose I/O Port B. 

PC0-PC7 

I/O 

Port C. General purpose I/O Port C. 

PD0-PD7 

I/O 

Port D. General purpose I/O Port D. 



Four 8-bit ports used for either input/output. Each line consists of an active transistor to VSS and an optional 
passive pull-up to VCC. The two lower bits of the PA port (PA0-PA1) also serve as edge detect inputs with mask- 
able interrupts. 

CNTR 

I/O 

[ 

Counter I/O. This line is used as a Counter input/output line. CNTR is an input in the Event Counter and Pulse 
Width Measurement modes and is an output in the Interval Timer and Pulse Generator modes. It consists of 
an active transistor to VSS and an optional passive pull-up to VCC. 
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SECTION 3 

SYSTEM ARCHITECTURE 


This section provides a functional description of the R6500/1. either user instructions or the interrupt lines NMI and IRQ. 

A block diagram of the R6500/1 is presented in Figure 3-1 . The Stack Pointer must be initialized by the user program. 


3.1 INDEX REGISTERS 

There are two 8-bit index registers, X and Y. Each index 
register can be used as a base to modify the address data 
program counter and thus obtain a new address — the sum 
of the program counter contents and the and the index reg- 
ister contents. 

When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many 
types of data manipulation. The JSR, BRK, RTI and RTS 
instructions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or “pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the mem- 
ory location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
“pulled") from the stack, the Stack Pointer is incremented 
by 1. The Stack Pointer is then placed on the Address Bus, 
and data are read from the memory location addressed by 
the Pointer. 


3.2 STACK POINTER 


3.3 ARITHMETIC AND LOGIC UNIT (ALU) 


The Stack Pointer is an 8-bit register. It is automatically 

incremented and decremented under control of the micro- All arithmetic and logic operations take place in the ALU, 

processor to perform stack manipulation in response to Including incrementing and decrementing internal registers 



Figure 3-1 . R6500/1 Block Diagram 
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(except the Program Counter). The ALU cannot store data for more 
than one cycle. If data are placed on the inputs to the ALU at the 
beginning of a cycle, the result is always gated into one of the 
storage registers or to external memory during the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied to 
various internal buses or to a logic zero; the ALU then generates 
the function (AND, OR, SUM, and so on) using the data on the two 
inputs. 

3.4 ACCUMULATOR 

The accumulator is a general purpose 8-bit register that stores the 
results of most arithmetic and logic operations. In addition, the 
accumulator usually contains one of the two data words used in 
these operations. 

3.5 PROGRAM COUNTER 

The 12-bit Program Counter provides the addresses that are used 
to step the processor through sequential instructions in a program. 
Each time the processor fetches an instruction from program 
memory, the lower (least significant) byte of the Program Coun- 
ter (PCL) is placed on the low-order bits of the Address Bus and 
the higher (most significant) byte of the Program Counter (PCH) 
is placed on the high-order 4 bits of the Address Bus. The Coun- 
ter is incremented each time an instruction or data is fetched from 
program memory. 

3.6 rNSTRUCTION REGISTER AND 
INSTRUCTION DECODE 

Instructions are fetched from ROM or RAM and gated onto the 
Internal Data Bus. These instructions are latched into the Instruc- 
tion Register then decoded along with timing and interrupt sig- 
nals to generate control signals for the various registers. 

3.7 TIMING CONTROLS 

The Timing Control Logic keeps track of the specific instruction 
cycle being executed. This logic is set to TO each time an instruc- 
tion fetch is executed and is advanced at the beginning of each 
Phase One clock pulse for as many cycles as are required to com- 
plete the instruction. Each data transfer which takes place between 
the registers is caused by decoding the contents of both the 
instruction register and timing control unit. 

3.8 INTERRUPT LOGIC 

Inter rupt logic cont rols the sequencing of three interrupts: RES, 
NMI and IRQ. IRQ is generated by any one of three conditions: 
Counter Overflow, PAO Positive Edge Detected, and PA1 Nega- 
tive Edge Detected. 

3.9 CLOCK OSCILLATOR 

The Clock Oscillator provides the basic timing signals used by the 
R6500/1 CPU. The reference frequency is provided by an exter- 
nal source, and can be from a crystal or clock. The external fre- 
quency can vary from 200 kHz to 4 MHz. The internal Phase 2 (02) 
frequency is one-half the external reference frequency. 



3.10 PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, shown in Figure 3-3, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user’s program and the CPU. The R6500 instruction 


The on-chip oscillator is designed for a parallel resonant crystal 
connected between XTLI and XTLO pins. The equivalent oscilla- 
tor circuit is shown in Figure 3-2. 
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set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 

3.10.1 CARRY BIT (C) 


not all zero. The R6500 instruction set contains no instruc- 
tion to specifically set or clear the Zero Bit. The Zero Bit is, 
however, affected by the following instructions: ADC, AND, 
ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, 
INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTl, SBC, TAX, TAY, TXA, TSX, and TYA. 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry 
occurred as the result of arithmetic operations. 

The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) 
instruction, respectively. Other operations which affect the 
Carry Bit are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, 
ROR, RTl, and SBC. 

3.10.2 ZERO BIT (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any 
data movement or calculation which sets all 8 bits of the 
result to zero. This bit is cleared to logic 0 when the result- 
ant 8 bits of a data movement or calculation operation are 


3.10.3 INTERRUPT DISABLE BIT (I) 

The Interrupt Disable Bit (1) is used to control the servicing 
of an interrupt request (IRQ). If the I Bit is reset to logic 0, 
the |RQ signal will be serviced. If the bit is set to logic 1, 
the IRQ signal will be ignored. The CPU will set the Inter- 
rupt Disable Bit to logic 1 if a RESET (RES) or Non- 
Maskable Interrupt (NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt (CLI) instruction, 
the Pull Processor Status from Stack (PLP) instruction, or 
as the result of executing a Return from Interrupt (RTl) 
instruction (providing the Interrupt Disable Bit was cleared 
prior to the interrupt). The Interrupt Disable Bit may be set 
or cleared under program control using a Set Interrupt Disa- 
ble (SEI) or a Clear Interrupt Disable (CLI) instruction, 
respectively. 


7 

6 

5 

4 

3 

2 

1 

0 

M 


□ 

Ld 

LiJ 

□ 

□ 

M 


I CARRY (c) (1) 

1 = Carry Set 

0 = Carry Clear 

ZEROiZXl) 

1 = Zero Result 

0 = Non-Zero Result 

INTERRUPT DISABLE (I) (2) 

1 = IRQ Interrupt Disabled 

0 = IRQ Interrupt Enabled 

DECIMAL MODE (D) (1) 

1 = Decimal Mode 

0 = Binary Mode 

*— BREAK COMMAND (B) (1) 

1 = Break Command 

0 = Not Break Command 

OVERFLOW (O) (1) 

1 = Overflow Set 

0 = Overflow Clear 

— NEGATIVE (N) (1) 

NOTES 

(1) Not initialized by RES 1 = Negative Value 

(2) Set to Logic 1 by RES 0 = Positive Value 


Figure 3-3. Processor Status Register 
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3.10.4 DECIMAL MODE BIT (D) 

The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to 
logic 0, the adder operates as a straight binary adder. The 
adder mode Is controlled only by the programmer. The Set 
Decimal Mode (SED) instruction will set the D bit; the Clear 
Decimal Mode (CLD) instruction will clear it. The PLP and 
RTI instructions also effect the Decimal Mode Bit. 


^ CAUTION j 

The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application to 
R6500/1. This bit must be initialized to the desired 
state by the user program or erroneous results may 
occur. 

3.10.5 BREAK BIT (B) 

The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ 
service routine was entered because the CPU executed a 
BRK command, the Break Bit will be set to logic 1. If the 
IRQ routine was entered as the result of an IRQ signal 
being generated, the B bit will be cleared to logic 0. There 
are no instructions which can set or clear this bit. 

3.10.6 OVERFLOW BIT (V) 


arithmetic operation is negative: if the sign bit is cleared, 
the result of the data movement or arithmetic operation s 
positive. There are no instructions that set or clear the Neg- 
ative Bit since the Negative Bit represents only the status of 
a result. The instructions that effect the state of the Nega- 
tive Bit are: ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, 

DEX, DEY, EOR, INC, INX, INY, LDA, LDX, LDY, LSR, 

ORA, PLA, PLP, ROL, ROR, RTI, SBC, TAX, TAY, TSX, 

TXA, and TYA. 

3.11 2K X 8 ROM 

The R6500/1 2048 byte x 8-bit Read Only Memory (ROM) 
usually contains the user’s program instructions and other 
fixed constants. These program instructions and constants 
are mask-programmed into the ROM during fabrication of 
the R6500/1 device. The R6500/1 ROM is memory mapped 
from 800 to FFF. 

3.12 64 X 8 RAM 

The 64 byte x 8-bit Random Access Memory (RAM) con- 
tains the user program stack and is used for scratchpad 
memory during system operation. This RAM is completely 
static in operation and requires no clock or dynamic refresh. 
The data contained in RAM is read out nondestructively 
with the same polarity as the input data. A standby power 
pin, Vrr allows RAM memory to be maintained on 10% of 
the operating power. In the event that VCC power is lost 
and execution stops, this standby power retains RAM data 
until execution resumes. 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 ^ n ^ 
127). This indicator only has meaning when signed arithme- 
tic (sign and seven magnitude bits) is performed. When the 
ADC or SBC instruction is performed, the Overflow Bit is 
set to logic 1 if the polarity of the sign bit (bit 7) is 
changed because the result exceeds +127 or -128; other- 
wise the bit is cleared to logic 0. The V bit may also be 
cleared by the programmer using a Clear Overflow (CLV) 
instruction. 

The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. Duriing a BIT instruction the 
Overflow Bit is set equal to the content of the bit 6 on the 
data tested with BIT instruction. When used in this mode, 
the overflow has nothing to do with signed arithmetic, but is 
just another sense bit for the microprocessor. Instructions 
which affect the V flag are ADC, BIT, CLV, PLP, RTI and 
SBC. 

3.10.7 NEGATIVE BIT (N) 

The Negative Bit (N) is used to indicate that the sign bit 
(bit 7), in the resulting value of a data movement or data 
arithmetic operation, is set to logic 1. If the sign bit is set 
to logic 1, the resulting value of the data movement or 


In order to take advantage of zero page addressing capabil- 
ities, the R6500/1 RAM is assigned page zero memory 
address 0 to 03F. 

3.13 CONTROL REGISTER 

The Control Register (CR), shown in Figure 3-4, is located 
at address 08F. The CR contains five control signals and 
three status signals. 

The control signals are summarized in Table 3-1. The con- 
trol signals are set to logic 1 by writing logic 1 into the 
respective bit positions and cleared to logic 0 either by writ- 
ing logic 0 into the respective bit position or by the occur- 
rence of a RES signal. 


Table 3-1. CR Control Signals 


Control Signal Name 

Bit 

Number 

Counter Mode Control 0 (CMCO) 

0 

Counter Mode Control 1 (CMC1) 

1 

PA1 Interrupt Enabled (A1IE) 

2 

PAO Interrupt Enabled (AOIE) 

3 

Counter Interrupt Enabled (CIE) 

4 


The three status signals are summarized in Table 3-2. 
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7 

6 

5 

4, 

3 

2 

1 

0 

CR7 

CTRO 

CR6 

AOED 

CR5 

A1ED 

CR4 

CIE 

CR3 

AOIE 

1 

CR2 

A1IE 

CR1 

CMCl 

CRO 

CMCO 


COUNTER MODE CONTROL (CMCl & CMCO) 

0 0 = Interval Timer 

0 1= Pulse Generator 
10 = Event Counter 
11= Pulse Width Measurement 

PA1 INTERRUPT ENABLE (A1IE) 

1 = Enable PA1 Interrupt 

0 = Disable PA1 Interrupt 

PAO INTERRUPT ENABLE (AOIE) 

1 = Enable PAO Interrupt 

0 = Disable PAO Interrupt 

COUNTER INTERRUPT ENABLE (CIE) 

1 = Enable Counter Interrupt 

0 = Disable Counter Interrupt 

PA1 NEGATIVE EDGE DETECTED (A1ED) 

1 = PA1 Negative Edge Detected 

0 = PA1 Negative Edge Not Detected 

PAO POSITIVE EDGE DETECTED (AOED) 

1 = PAO Positive Edge Detected 

0 = PAO Positive Edge Not Detected 

COUNTER OVERFLOW (CTRO) 

1 = Counter Overflow Occurred 

0 = No Counter Overflow 


Figure 3-4. Control Register (CR) 


Table 3-2. CR Status Signals 


Table 3-3. Counter Mode Control Selection 


Status Signal Name 

Bit 

Number 

PA1 Negative Edge Detected (A1 ED) 

5 

PAO Positive Edge Detected (AOED) 

6 

Counter Overflow (CTRO) 

7 


The status signals are read-only information. The status bits 
are set to logic 1 by hardware m onito ring logic and cleared 
to logic 0 by the occurrence of RES signal or by specific 
address commands. Each of these signals is described in 
the following sections. 

3.13.1 COUNTER MODE CONTROL 0 AND 1 

Counter Mode Control signals CMCO and CMC1 (bits 0 and 
1) control the Counter operating modes. The modes of 
operation and the corresponding configuration of CMCO and 
CMC1 are summarized in Table 3-3. 

These modes are controlled by writing the appropriate bit 
values into the Counter Mode Control bits. 


CMCl 
(Bit 1) 

CMCO 
(Bit 0) 

Mode 

0 

0 

Interval Timer 

0 

1 

Pulse Generator 

1 

0 

Event Counter 

1 

1 

Pulse Width Measurement 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated or if the user program gtores logic 
0 Into Bits 0 and 1 of the Control Register. A complete 
description of each of the Counter modes is given in Sec- 
tion 3.14.1. 


3.13.2 PA1 INTERRUPT ENABLE BIT (A1IE) 

If th e PA1 Interrupt Enable Bit (CR2) is set to logic 1, an 
IRQ Interrupt request signal will be generated when the 
PA1 Negative Edge Detected Bit (CR5) is set. 
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3.13.3 PAO INTERRUPT ENABLE BIT (AOIE) 

If th e PAO Interrupt Enable Bit (CR3) is set to logic 1, the 
IRQ interrupt request signal will be .generated when the 
PAO Positive Edge Detected Bit (CR6) is set. 

3.13.4 COUNTER INTERRUPT ENABLE BIT (CIE) 

If the Counter Interrupt Enable Bit (CR4) is set to logic 1, 
the IRQ interrupt request signal will be generated when 
Counter Overflow (CR7) is set. 

3.13.5 PA1 NEGATIVE EDGE DETECTED BIT 
(A1ED) 

The PA1 Negative Edge Detected Bit (CR5) is set to logic 
1 whenever a negative (falling) edg e is detected on PA1 . 
This bit is cleared to logic 0 by RES or by writing to 
address 08A. 

The edge detecting circuitry is active when PA1 is used 
either as an input or as an output. When PA1 is used as 
an output, A1ED will be set when the negative edge is 
detected during a logical 1 to 0 transition. 

When PA1 is used as an input and the negative edge 
detecting circuitry is used, A1ED should be cleared by the 
user program upon initialization and when the PA1 Negative 
Edge Detected IRQ processing is completed. 

3.13.6 PAO POSTIIVE EDGE DETECTED BIT (AOED) 

The PAO Positive Edge Detected Bit (CR6) is set to logic 1 
whenever a positive (rising) edge is detected on PAO. The 
bit Is cleared to logic 0 by RES or by writing to address 
089. 

The edge detecting circuitry is active when PAO is used 
either as an input or as an output. When PAO is used as 
an output, AOED will be set when the positive edge is 
detected during a logical Oto 1 transition. 

When PAO is used as an input and the positive edge 
detecting circuitry Is used, AOED should be cleared by the 
user program upon initialization and upon completion of 
PAO Positive Edge Detected IRQ processing. 

3.13.7 COUNTER OVERFLOW BIT (CTRO) 


the values contained in the Upper Latch (UL) in address 084 and 
in the Lower Latch (LL) in address 085, respectively. Therefore, it 
is important to load the Lower Latch value prior to executing the 
Write to Upper Latch and Transfer Latch to Counter (address 
088) in order to prevent an u npred icted reoccurrence of Counter 
Overflow and, if enabled, an IRQ interrupt request. 

3.14 COUNTER/LATCH 

The Counter/Latch consists of a 16-blt Counter and a 16-bit 
Latch. The Counter resides in two 8-bit registers: address 
086 contains the Upper Count value (bits 8-15 of the Coun- 
ter) and address 087 contains the Lower Count value (bits 
0-7 of the Counter). The Counter contains the count of 
either 02 clock periods or external events depending on 
which counter mode Is selected in the Control Register 
(Section 3.13.1). 

The Latch contains the Counter initialization value. The 
Latch resides in two 8-bit registers: address 084 contains 
the Upper Latch value (bits 8-15 of the Latch) and address 
085 contains the Lower Latch value (bits 0-7 of the Latch). 
The 16-bit Latch can hold values from 0 to 65535. 

The Latch registers can be loaded at any time by executing 
a write to the Upper Latch Address (084) and the Lower 
Latch Address (085). In each case, the contents of the 
Accumulator are copied into the applicable Latch register. 
The Upper Latch and Lower Latch can be loaded independ- 
ently; it is not required to load both registers at the same 
time or sequentially. The Upper Latch can also be loaded 
by writing to address 088. 

The Counter can be initialized at any time by writing to 
address 088. The contents of the Accumulator will be cop- 
ied Into the Upper Latch before the value in the Upper 
Latch is transferred to the Upper Counter. 

The Counter will also be initialized to the Latch value when- 
ever the Counter overflows. When the Counter decrements 
from 0000, the next Counter value will be the Latch value, 
not FFFF. 

Whenever the Counter overflows, the Counter Overflow Bit 
(CR7) is set to logic 1. This bit is cleared whenever the 
lower eight bits of the counter are read from address 087 
or by writing to address 088. 


The Counter Overflow Bit (CR7) is set to logic 1 whenever 
a counter overflow occurs in any of the four counter operat- 
ing modes. Overflow occurs when the counter is decre- 
mented one count from 0000. This bit is cleared to logic 0 
by RES or by reading from address 087 or writing to 
address 088. 


3.14.1 COUNTER MODES 

The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Con- 
trol Register. 

Mode CMC1 CMCO 


This bit should be cleared by the user program upon 
initialization and upon completion of Counter Overflow IRQ 
interrupt processing. 

When a Counter Overflow occurs, the Upper Count (UC) in ad- 
dress 086 and the Lower Count (LC) in address 087 are reset to 


Interval Timer 
Pulse Generator 
Event Counter 
Pulse Width Measurement 


0 0 
0 1 
1 0 
1 1 
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The Interval Timer, Pulse Generator, and Pulse Width 
Measurement Modes are 02 clock counter modes. The 
Event Counter Mode counts the occurrences of an external 
event on the CNTR line. 

interval Timer (Mode 0) 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load 
Upper Latch and Transfer Latch to counter address 
(088), the Counter is loaded with the Latch value. Note 
that the contents of the Accumulator are loaded into 
the Upper Latch before the Latch value is transferred 
to the Counter. 

The Counter value is decremented by one count at the (J)2 clock 
rate. The 16-bit Counter can hold from 1 to 65535 counts. The 


02 


COUNTER OVERFLOW 


I 


COUNTER 3 1 

1 ^ 

1 ^ 

1 0 1 (UL,LL) 

1 (UL,LL)-1 





COUNTER INTERRUPT ENABLED 



SET ANY TIME BEFORE 
COUNTER OVERFLOW 

COUNTER OVERFLOW 


IRQ 


CNTR 

heUd'hi^Tn modToo" 


Figure 3-5. Interval Timer (Mode 0) Timing Diagram 


Counter Timer capacity is therefore ^|xs to 65.535ms at the 1 
MHz 02 clock rate or 0.5/as to 32.768ms at the 2 MHz (^2 clock 
rate. Time intervals greater than the maximum Counter value can 
be easil y me asured by counting IRQ interrupt requests in the 
counter IRQ interrupt routine. 


When the Counter decrements from 0000, the Counter 
Overflow (CR7) Is set to logic 1 at the next 02 clock pulse. 
If the Counter Interrupt enable bit (CR4) is also set, an IRQ 
interrupt request will be generated. The Counter Overflow 
bit in the Control Register can be examined in the IRQ 
interrupt routine to determine that the IRQ was generated 
by the Counter Overflow. 

While the timer is operating in the Interval Timer Mode, the 
Counter Out/Event line is held in the high (output disabled) 
state. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 3-5. 


Pulse Generator Mode (Mode 1) 

In the Pulse Generator mode, the Counter Out/Event In line 
(CNTR) operates as a Counter Out. The CNTR line toggles 
from low to high or from high to low whenever a Counter 
Overflow occurs, or a write is performed to address 088. 


output on the CNTR Jine in this mode. The CNTR output is 
initialized high by a RES since the Interval Timer mode is 
established by RES. 

A one-shot waveform can be easily generated by changing 
from Mode 1 Pulse Generator to Mode 0 (Interval Timer) 
after only one occurrence of the output toggle condition. 


Either a symmetric or asymmetric output waveform can be 


3-35 



R6500/1 


One-Chip Microcomputer 


count at the 02 clock rate as long as the CNTR line is held 
in the low state. The Counter is stopped when CNTR is in 
the high state. 

If the CNTR pin is left disconnected, this mode may be 
selected to stop the Counter since the internal pull-up 
device will cause the CNTR input to be in the high (>2.0V) 
state. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 3-7. 

3.15 INPUT/OUTPUT PORTS 

The R6500/1 provides four 8-bit Input/Output (I/O) ports 
(PA, PB, PC, PD). These 32 I/O lines are completely 
bidirectional. All lines may be used either for input or output 
in any combination; that is, there are no line grouping or 
port association restrictions. 



Event Counter Mode (Mode 2) 

In this mode the CNTR line is used as an Event Counter. The 
Counter will decrement with each rising edge detected on this 
line. The maximum rate at which this edge can be detected is 
one-half the 02 clock rate. 

The Counter can count up to 65,535 occurrences before 
overflowing. As in the other modes, the Counter Overflow 
bit (CR7) is set to logic 1 if the overflow occurs. 

Figure 3-6 is a timing diagram of the Event Counter Mode. 

Pulse Width Measurement Mode (Mode 3) 

This mode allows the accurate measurement of a low pulse 
duration on the CNTR line. In this mode, CNTR is used in 
the Event In capacity. The Counter decrements by one 


Figure 3-6. Event Counter Mode (Mode 2) 
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The direction of the 32 I/O lines are controlled by four 8-bit port 
registers located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page address 
instructions. There are no direction registers associated with the 
I/O ports, which simplifies I/O handling. The I/O addresses are 
shown in Table 3-4. 


Table 3-4. I/O Port Addresses 


Port 

Address 

A 

080 

B 

081 

C 

082 

D 

083 


Figure 3-8 shows the I/O Port Timings. 


3.15.1 INPUTS 

Inputs are enabled by loading logic 1 into all I/O port register bit 
positions that are to correspond to I/O input lines. A low (<0.8V) 
input signal will cause a logic 0 to be read when a read instruction 
is issued to the port r egiste r. A high (>2.0V) input will cause a 
logic 1 to be read. An RES signal forces all I/O port registers to 
logic 1 thus initially treating all I/O lines as inputs. 


The status of the input lines can be interrogated at any 
time by reading the I/O port addresses. Note that this will 
return the actual status of the input lines, not the data writ- 
ten into the I/O port registers. 

3.15.2 OUTPUTS 

Outputs are controlled by writing the desired I/O line output 
states into the corresponding I/O port register bit positions. 
A logic 1 wili force a high (>2.4V) output while a logic 0 
will force a low (<0.4V) output. 

3.15.3 EDGE DETECTION CAPABILITY 

Ports PAO and PA1 have an edge detection capability. Fig- 
ure 3-9 shows the edge detection timing. 

PAO Positive Edge Detecting Capabiiity 

In addition to its normai I/O function, PAO will detect an 
asynchronous positive (rising) edge signal and set the PAO 
Positive Edge Detected signal (CR6) to logic 1. The maxi- 
mum rate at which this positive edge can be detected is 
one-half the ^2 clock rate. 

If the PAO Interrupt Enable Bit (CR3) is set, an IRQ inter- 
rupt request wiil also be generated. The PAO Positive Edge 
Detected signai can be cleared by writing to address 089. 


I/O PORT OUTPUT TIMING 

02 


INTERNAL R/W 


PA, PB, PC, PD OUTPUT 



I/O PORT INPUT TIMING 
02 


INTERNAL R/W 


PA, PB, PC, PD INPUT 



Figure 3-8. I/O Port Timing 
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Figure 3-9. PAO and PA1 Edge Detection Timing 


PA1 Negative Edge Detecting Capabiiity 3.16 MASK OPTIONS 

In addition to its normai I/O function, PA1 wili detect an An option is provided to delete the internal pull-up resistance from 

asynchronous negative (falling) edge signal and set the PA1 PA, PB, PC and/or PD ports at mask time. This option is available 

Negative Edge Detected signal (CR5) to logic 1. The maxi- for 8-bit port groups only, not for individual port lines. This option 

mum rate at which this negative edge can be detected is i^^ay by used to aid interface with CMOS drivers, or in order to 

one-half the 02 clock rate. interface with external pull-up devices. 

If the PA1 Interrupt Enable signal (CR2) Is set, an IRQ 
interrupt request will also be generated. The PA1 Negative 

Edge Detected signal may be cleared by writing to address An option is also provided to delete the internal pull-up 

08A. resistance on the CNTR line. 
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SECTION 4 

IRQ INTERRUPT REQUEST GENERATION 


An IRQ interrupt request can be initiated by any or all of 
three possible sources. These sources are all capable of 
being enabled or disabled by the use of the appropriate 
Interrupt enabled bits in the Control Register. 

The first source of IRQ is Counter Overflow. The IRQ interrupt 
request will be driven low whenever both the Counter Interrupt 
Enable (CR4) and the Counter Overflow (CR7) are logic 1. 

The second source of l^ is detection of a positive edge 
on PAO. The IRQ inerrupt request will be driven low when- 
ever both the PAO Interrupt Enable (CR3) and the PAO 
Positive Edge Detected (CR6) are logic 1 . 

The third source of IRQ is detection of a negative edge on 
PA1. The IRQ interrupt request will be driven low whenever 
both the PA1 Interrupt Enable (CR2) and the PA1 Negative 
Edge Detected (CR5) are logic 1 . 


Multiple simultaneous interrupts will cause the IRQ interrupt 
request to remain active until all Interrupting conditions have 
been serviced and cleared. 



If the same data, i.e., the same RAM, counter/latch or I/O 
addresses, are operated on asynchronously by a normal 
processing routine and by an interrupt service routine, care 
must be taken to prevent loss of data due to the interrupt 
routine altering the data during update of the data by the 
normal processing routine. This situation can be prevented 
by disabling the IRQ interrupt with the SEI instruction be- 
fore starting the data update in the normal processing and 
then enabling the interrupt with the CLI instruction upon 
completion of data update. 
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SECTION 5 

POWER ON/OFF CONSIDERATIONS 


5.1 POWER-ON RESET 

The occurrence of RES going from low to high will cause 
the R6500/1 to set the Interrupt Mask Bit — bit 2 of the 
Processor Status Register — and initiate a reset vector fetch 
at address FFE and FFF to begin user program execution. 
All of the I/O ports (PA, PB, PC, and PD) and CNTR will 
be forced to the high (logic 1) state. All bits of the Control 
Register will be cleared to logic 0 causing the Interval 
Timer counter mode (mode 00) to be selected and causing 
all interrupt enabled bits to be reset. 

5.2 POWER ON/OFF TIMING 

After application of VCC power to the R6500/1, RES must 
be held low for at least eight 02 clock cycles after VCC 
reaches operating range and the internal clock oscillator has 
stabilized. This stabilization time is dependent upon the 
input VCC voltage and performance of the crystal, clock, or 
RC network input circuit. The clock oscillator output can be 
monitored on XTLO (pin 11). 

Figure 5-1 illustrates the power turn-on waveforms. 

5.3 RAM DATA RETENTION — VRR 
REQUIREMENTS 

For the RAM to retain data upon loss of V CC, VRR must 
be supplied within operating range and RES must be driven 


low at least eigh t 02 clock pulses before VCC falls out of 
operating range. RES must then be held low while VCC is 
out of operating range and until at least eight 02 clock 
cycles after VCC is again within operating range and the 
internal 02 oscillator Is stabilzed. VRR must remain within 
VCC operation range during normal R6500/1 operation. 
When VCC is out of operating range, VRR must remain 
within the VRR retention range in order to retain data. Fig- 
ure 5-2 shows typical waveforms. 

5.4 RAM DATA RETENTION OPERATION 

The requirement for R6500/1 RAM data retention and re- 
start operation is application dependent. If R6500/1 RAM 
data retention is not required during loss of VCC, then VRR 
can be connected to the same power source as VCC. 
With this configuration a complete initialization of R6500/1 
program variables in RAM is required upon VCC and VRR 
power application. 

If the R6500/1 RAM is to retain data during loss of VCC, 
the following is required: 

1 . Connection of VCC and VRR to separate power supplies 
or to the same primary power supply with isolation 
diodes and battery or other backup power for VRR. 

2. VCC power monitor hardware with power loss and 
cold/warm start indications to the R6500/1 . 

3 Power loss detection as well as cold and warm start 
initialization in the R6500/1 program. 
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@ LOSS OF VCC. RAM ON STANDBY POWER. 

(3) REAPPLICATION OF VCC. 

@ >8 02 CLOCK PULSES AFTER ^2 OSCILLATOR STABILIZATION. 
® >8 02 CLOCK PULSES. 


Figure 5-2. RAM Retention Mode Timing 


The power monitor hardware must sense the loss of VCC 
power in sufficient time to allow the R6500/1 to save re- 
quired CPU register data in R AM. The power loss indication 
line can be connected to the NMI interrupt input in order to 
cause an immediate R6500/1 interrupt upon power loss 
detection. 

The power monitor hardware should also provide an indica- 
tion of cold start (initial VCC and VRR power application) or 
warm start (VCC power re-application while VRR is retained 
on backup power) provided as input on a data I/O pin. 

A level indication is sufficient. The R6500/1 program can 
then initialize ali, or partiai, program variabies upon initial- 
ization then jump to any other starting address as required 


depending upon cold/warm start condition. 


Upon power loss detection, the R6500/1 should save all required 
CPU register data in either the stack or dedicated RAM. The stack 
may be preferred if dedicated RAM is not available. If the program 
is to restart at the interrupted address, then all CPU registers 
must be saved, i.e., S, P, PC, A, X, and Y. The stack pointer must 
be saved in a dedicated RAM address. Note that processor status 
P and the program counter, PC, are already saved on the stack by 
the NMI interrupt R6500/1 hardware processing. If the warm start 
can be performed at a specific address, then the saving of the 
register data at power loss detection may not be required. Figure 
5-3 shows top level flowcharts of typical power down and 
power-up processing. 
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APPENDIX A — SYSTEM MEMORY MAP 


HEX 



Notes: 

(1) I/O command only; i.e., no stored data. 

(2) Clears Counter Overflow — Bit 7 in Control Register. 



3-43 


R6500/1 


One-Chip Microcomputer 


APPENDIX B — R6500 INSTRUCTION SET 


This appendix contains a summary of the R6500 instruction set. For detailed information, consult the R6500 Microcomputer System Program- 
ming Manual, Document Order No. 202. 


B.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE 


Mnemonic 

Description 

Mnemonic 

Description 

ADC 

Add Memory to Accumulator with Carry 

LDA 

Load Accumulator with Memory 

AND 

“AND” Memory with Accumulator 

LDX 

Load Index X with Memory 

ASL 

Shift Left One Bit (Memory or Accumulator) 

LDY 

Load Index Y with Memory 



LSR 

Shift One Bit Right (Memory or Accumulator) 

BCC 

Branch on Carry Clear 



BCS 

Branch on Carry Set 

NOP 

No Operation 

BEQ 

Branch on Result Zero 



BIT 

Test Bits in Memory with Accumulator 

ORA 

"OR” Memory with Accumulator 

BMI 

Branch on Result Minus 

\ 


BNE 

Branch on Result not Zero 

PHA j 

Push Accumulator on Stack 

BPL 

Branch on Result Plus 

PHP 

Push Processor Status on Stack 

BRK 

Force Break 

PLA 

Pull Accumulator from Stack 

BVC 

Branch on Overflow Clear 

PLP 

Pull Processor Status from Stack 

BVS 

Branch on Overflow Set 





ROL 

Rotate One Bit Left (Memory or Accumulator) 

CLC 

Clear Carry Flag 

ROR 

Rotate One Bit Right (Memory or Accumulator) 

CLD 

Clear Decimal Mode 

RTI 

Return from Interrupt 

CLI 

Clear Interrupt Disable Bit 

RTS 

Return from Subroutine 

CLV 

Clear Overflow Flag 



CMP 

Compare Memory and Accumulator 

SBC 

Subtract Memory from Accumulator with Borrow 

CPX 

Compare Memory and Index X 

SEC 

Set Carry Flag 

CPY 

Compare Memory and Index Y 

SED 

Set Decimal Mode 



SEI 

Set Interrupt Disable Status 

DEC 

Decrement Memory by One 

STA 

Store Accumulator in Memory 

DEX 

Decrement Index X by One 

STX 

Store Index X in Memory 

DEY 

Decrement Index Y by One 

STY 

Store Index Y in Memory 

EOR 

“Exclusive-Or” Memory with Accumulator 

TAX 

Transfer Accumulator to Index X 



TAY 

Transfer Accumulator to Index Y 

INC 

Increment Memory by One 

TSX 

Transfer Stack Pointer to Index X 

INX 

Increment Index X by One 

TXA 

Transfer Index X to Accumulator 

INY 

Increment Index Y by One 

TXS 

Transfer Index X to Stack Register 



TYA 

Transfer Index Y to Accumulator 

JMP 

Jump to New Location 



JSR 

Jump to New Location Saving Return Address 
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B2. INSTRUCTION SET SUMMARY TABLE 
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3 
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4 
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2 
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2 
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2C 

4 

3 
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3 

2 































M 

M 

6* 


• • z • 

B 1 T 
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30 

2 

2 












B M 1 
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DO 

2 
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2 
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00 

7 
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1 
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B V C 
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50 

2 
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B V C 

B V S 
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70 

2 
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B V S 

C L C 

0- C 














18 

2 

1 





























... 0 

C L C 

C L D 
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D8 

2 
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C L D 

C L I 

0 -t 
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58 

2 

T 
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. 0 . . 

C L 1 

C L V 

0-V 














B8 

2 

1 


























0 




C L V 

CMP 

A - M 


C9 

2 

2 

CD 

4 

3 

C5 

3 

2 







Cl 



D1 

5 

2 

05 

4 

2 

DO 

4 

3 

D9 

4 
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. • Z C. 

CMP 

C P X 

X - M 


EO 

2 

2 

EC 

4 

3 

E4 

3 
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C P X 
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Y - M 
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2 
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3 
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3 
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C P Y 
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. . z • 
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4C 

3 
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6C 

5 
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J S R 

JUMPSUB 





20 
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J S R 

L D A 

M - A 
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A9 

2 

2 
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3 
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A1 

6 

2 
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2 
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2 
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3 
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2 
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3 
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3 
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“1 

BE 

4 
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2 
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2 

2 
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4 

3 
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2 

BC 
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L S R 
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3 
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28 

4 
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APPENDIX C — SYSTEM SPECIFICATIONS 

MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

VcC< Vrr 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

-0.3 to +7.0 

Vdc 

Operating Temperature 
Commercial 

Industrial 

Ta 

Tl to Th 

0 to +70 
-40 to +85 


Storage Temperature 

Tstg 

-55 to +150 

®C 


NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


DC CHARACTERISTICS 

(Vcc = 5.0V ± 10% for R6500/1, Vcc = 5.0V ± 5% for R6500/1A, Vrr = Vccl Vss = OV; Ta = 0° to 70°C, unless otherwise specified) 


Parameter 

Symbol 

Min 

Typi 

Max 

Unit 

Test Conditions 

RAM Standby Voltage (Retention Mode) 

Vrr 

3.5 

— 

Vcc 

V 


RAM Standby Current (Retention Mode) 

Irr 





mA 


Commercial 


— 

10 

— 




Industrial 


— 

12 

_ 




Input High Voltage 

V,H 





V 


All Except XTLI 


+ 2.0 

— 

Vcc 




XTLI 


+ 4.0 

— 

Vcc 




Input Low Voltage 

V,L 

-0.3 

— 

+ 0.8 

V 


Input Leakage Current 

hw 

— 

±1.0 

±2.5 


aA 

V|N = 0 to 5.0V 

RES, NMI 








Input Low Current 

IlL 

— 

-1.0 

-1.6 

mA 

V,L = 0.4V 

Output High Voltage 

VOH 

+ 2.4 

— 

— 

V 

Load = “ 

Vcc = 4.75V 

Output High Voltage (CMOS) 

VcMOS 

Vcc - 30% 

- 

- 

V 

Vcc = 4.75V 

Output Low Voltage 

VoL 

— 

— 

+ 0.4 

V 

Vcc = 4.75V 

Load = 1-6 mA 

I/O Port Pull-Up Resistance 

Rl 

3.0 

6.0 

11.5 


Kohm 


PA0-PA7, PB0-PB7, PC0-PC7, 

PD0-PD7, CNTR 








Output High Current (Sourcing) 

•oh 

-100 

- 

- 

fiA 

VouT = 2.4V 

Output Low Current (Sinking) 

•OL 

1.6 

- 

- 

mA 

VouT = 0.4V 

Input Capacitance 

C|N 





PF 

Ta = 25°C 

XTLI, XTLO 


— 

— 

50 



V|N = OV 

PA, PB, PC, PD, CNTR 


— 

— 

10 



f = 1.0 MHz 

Output Capacitance (Three-State Off) 

^OUT 

— 

— 

10 


PF 

Ta = 25°C 

V|N = OV 








f = 1.0 MHz 

Power Dissipation (Outputs High) 


— 

600 

990 

mW 

Vcc = +5.5V 

Notes: 








1. Typical values measured at T^ = 25®C and Vcc = 5.0V. 







2. Negative sign indicates outward current flow, positive indicates inward flow. 
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AC CHARACTERISTICS 

(Vcc = 5V ± 10% for R6500/1, Vcc == 5V ±5% for R6500/1A) 


Parameter 

Symbol 

1 MHz 

2 MHz 

Unit 

Min 

Max 

Min 

Max 

XTLI Input Clock Cycle Time 

KQHHH 

0.500 

5.0 

0.250 

5.0 

ixsec 

Internal Write to Peripheral Data Valid (TTL) 


1.0 


0.5 


fxsec 

Internal Write to Peripheral Data Valid (CMOS) 


2.0 


1.0 


p,sec 

Peripheral Data Setup Time 


400 


200 


nsec 

Count and Edge Detect Pulse Width 


1.0 


0.5 


)xsec 
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PACKAGE DIMENSIONS 


40-PIN PLASTIC DIP 





DIM MIN MAX MIN MA 

A 51 62 52 32 2 040 2.0t 

B 13 46 13.97 0 530 0.5i 

C 3 56 S.08 0 140 0 2( 

D 0 38 0.53 0015 O.O ; 

F 1.02 1.52 0.040 O.Oe 


1 65 2.16 0.065 0 Oi 

0 20 0.30 0 008 0 0^ 

3.30 4.32 0.130 O.li 


0 51 1 02 0.020 0 . 0 ^ 


44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


INDEX 

CORNER 


I -T 

0 

IP' . 


I 1 E PIN 1 

D2 c INDICATOR 


CHAM.J X 45® 7 





SEATING PLANE 




SECTION A-A 

TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 


CHAM. 11 PINS 
h X 45® PER SIDE 
3 PLCS EQUALLY 
SPACES 


EJECTOR PIN MARKS 
4 PLCS BOTTOM OF 
PACKAGE ONLY 
(TYPICAL) 


BOTTOM VIEW 





R6500/1E 



R6500/1E 

Rockwell 

Microprocessor Emulator Device 


INTRODUCTION 

The R6500/1E device provides all the features of the R6500/1 
Microcomputer in a ROMless form suitable for use as an 
advanced microprocessor complete with 16-bit counter and 32 
I/O lines, and an address and data bus for 4K of external memory. 

To aid in designing R6500/1 microcomputer systems, it may also 
be used as an emulator device. Device architecture is basically 
the same as the R6500/1 except that the address, data, and 
associated control lines are routed off the chip for connection to 
an external memory. 

The functions and operation of the R6500/1 E device are identi- 
cal to the R6500/1 except for minor differences noted in this 


document. The R6500/1 Product Description (Order No. 212) con- 
tains a description of R6500/1 functions and interface signals. 

The R6500/1E device is available in both 64-pin ceramic DIP 
(R6500/1EC) and 64-pin plastic QUIP (R6500/1 EQ). 


ORDERING INFORMATION 


Part 

Number 

Package 

Type 

Frequency 

Option 

Temperature 

Range 

R6500/1EC 

Ceramic 

1 MHz 

0®C to 70°C 

R6500/1EAC 

Ceramic 

2 MHz 

0°C to ZO^C 

R6500/1EQ 

Plastic 

1 MHz 

0°C to 70°C 

R6500/1EAQ 

Plastic 

2 MHz 

0“C to 70°C 














02 


1 

64 

zc 

XTLO 

02 

C 

1 

64 

Z 

XTLO 

VSS 

[= 

2 

63 

zz 

XTLI 

VSS 

d 

2 

63 

d 

XTLI 

RDY 

cn 

3 

62 

zz 

R/W 

RDY 

c 

3 

62 

z 

R/W 

RES 


4 

61 

zz 

PCO 

RES 

d 

4 

61 

d 

PCO 

NMI 

[z: 

S 

60 

zz 

PCI 

NMI 

c 

S 

60 

z 

PCI 

SYNC 

cq 

6 

S9 

zz 

PC2 

SYNC 

d 

6 

S9 

d 

PC2 

PB7 


7 

S8 

dl 

PC3 

PB7 

c 

7 

S8 

z 

PC3 

PB6 

[= 

8 

S7 

ZD 

PC4 

PBS 

d 

8 

57 

d 

PC4 

PBS 

c= 

9 

S6 

zz 

PCS 

PBS 

c 

9 

56 

z 

PCS 

PB4 

[= 

10 

SS 

zz 

PCS 

PB4 

d 

10 

SS 

d 

PCS 

PB3 

□ 

11 

S4 

dl 

PC7 

PB3 

c 

11 

S4 

z 

PC7 

PB2 

cd 

12 

S3 

d 

DO 

PB2 

d 

12 

S3 

d 

DO 

PB1 

[iq 

13 

S2 

d 

Dl 

PB1 

c 

13 

52 

z 

Dl 

PBO 

cd 

14 

SI 

d 

D2 

PBO 

d 

14 

51 

d 

D2 

PA7 

cz 

IS 

SO 

d 

D3 

PA7 

c 

IS 

50 

z 

D3 

PA6 

cz 

16 

49 

d 

D4 

PAS 

d 

16 

49 

d 

D4 

PAS 

cn 

17 

48 

d 

DS 

PAS 

c 

17 

48 

z 

DS 

PA4 

cz 

18 

47 

d 

D6 

PA4 

d 

18 

47 

d 

D6 

PA3 

zz 

19 

46 

d 

D7 

PA3 

c 

19 

46 

z 

D7 

PA2 

c= 

20 

4S 

d 

PD7 

PA2 

d 

20 

45 

d 

PD7 

PA1 

[= 

21 

44 

d 

PD6 

PA1 

c 

21 

44 

z 

PD6 

PAD 

cz: 

22 

43 

d 

PDS 

PAO 

d 

22 

43 

d 

PDS 

VRR 

cz 

23 

42 

d 

PD4 

VRR 

c 

23 

42 

z 

PD4 

CNTR 

d 

24 

41 

d 

PD3 

CNTR 

d 

24 

41 

d 

PD3 

AO 

cz 

2S 

40 

d 

PD2 

AO 

c 

25 

40 

z 

PD2 

A1 

cn 

26 

39 

d 

PD1 

A1 

d 

26 

39 

d 

PD1 

A2 

d 

27 

38 

d 

PDO 

A2 

c 

27 

38 

z 

PDO 

A3 

d 

28 

37 

d 

All 

A3 

d 

28 

37 

d 

All 

A4 

d 

29 

36 

d 

A10 

A4 

c 

29 

36 

z 

A10 

AS 

d 

30 

3S 

d 

A9 

AS 

d 

30 

35 

d 

A9 

A6 

d 

31 

34 

d 

A8 

A6 

c 

31 

34 

z 

A8 

A7 

d 

32 

33 

d 

VCC 

A7 

d 

32 

33 

d 

VCC 


R6S00/1E (64-PIN DIP) 



R6S00/1EQ (64-PIN QUIP) 



R6500/1E Pin Assignments 


Data Sheet 


Document No. 29000D51S 
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INTERFACE SIGNALS 

All R6500/1 interface signals are available in the R6500/1E 
microcomputer plus the additional address (12), data (8), and con- 
trol (4) lines required to extend the address bus and the data bus 
external to the device. The R6500/1E emulator unique interface 
signals are shown in Figure 1 and are described in Table 1. While 
the pin assignments are different in order to accommodate 
64-pin DIP and QUIP packages, the interface characteristics of 
signals common to the R6500/1 are identical. 

SYSTEM ARCHITECTURE 

The architecture of the R6500/1E is identical to the R6500/1 with 
the following differences: 

EXTERNAL ADDRESSING 

ROM addressing is routed externally in the R6500/1E. The address 
range for internal ROM in the R6500/1 ($800-$FF9) is available 
externally for connection to ROM or RAM devices(s). 

An additional 1024 bytes ($400-$7FF) are decoded for external 
memory access. Note that this address range can be used for 


debugging with the R6500/1E but cannot be used when the object 
code is transferred to masked ROM in an R6500/1 (which is res- 
tricted to $800-$FF9). 

A memory map of the R6500/1E is shown in Figure 2. 

INTERNAL I/O PORT PULL-UPS 

The R6500/1E has the internal I/O and CNTR port pull-up resis- 
tors only. The option to delete the pull-up resistors is not availa- 
ble for the R6500/1E. 

EARLIER I/O PORT INITIALIZATION 

Ports A, B, C, D and the CNTR line in the R6500/1E are initialized 
to the logic high state two 02 clock cycle s ear lier than in the 
R6500/1. It is still required, however, that the RES iine be held low 
for at least eight 02 clock cycles after VCC reaches operating range 
(Figure 3). 

WRITE-ONLY MONITORING 

The R6500/1E allows the user to monitor write operations to the 
internal RAM and I/O by routing those operations externally as well 
as internally. Read operations are not routed externally. 
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Table 1. R6500/1E Emulator Unique Signals Description 


Signal 

Name 

Pin 

No. 

Description 

R/W 

62 

Read/Write. Read/Write allows the CPU to controi the direction of data transfer between the R6500/1E Emulator CPU and 
external memory. This line is high when reading data from memory and is low when writing data to memory. 

RDY 

3 

Ready. The Ready input delays execution of any cycle during which the RDY line is low. This allows the user to halt or 
single step the CPU on all cycles except write cycles. A negative transition to the low state during the 02 clock low pulse 
will halt the CPU with the address lines containing the current address being fetched. If RDY is low during a write cycle, 
it is ignored until the following read operation. This condition will remain through a subsequent 02 clock pulse in which 
the RDY line is low. This feature allows the CPU to interface with memories having slow access times, such as EPROMS 
used with the R6500/1E during prototype system development. 

SYNC 

6 

Sync. The Sync signal is provided to identify cycles in which the CPU is performing OP CODE fetch. SYNC goes high 
during the 02 clock low pulse of an OP CODE fetch and stays high for the remainder of that cycle. If the RDY line is pulled 
low during the 02 clock low pulse in which SYNC went high, the CPU will halt in its current state and will remain in that 
state until the RDY line goes high. Using this technique, the SYNC signal can be used to control RDY to cause single instruc- 
tion execution. 

02 

1 

Phase 2 (02) clock: Data transfer takes place only during 02 clock pulse high. 

A0-A1 1 

25-37 

Address Bus Lines. The address bus buffers on the R6500/1E are push/pull type drivers capable of driging at least 130 pF 
and one standard TTL load. The address bus always contains known data. The addressing tgechnique involves putting 
an address on the address bus which is known to be either in program sequence, on the same page in program memory, 
or at a known point in memory. The I/O address commands are also placed on these lines. 

D0-D7 

53-46 

Data Bus Lines. All transfers of instructions and data between the CPU and memory, I/O, and other interfacing circuitry 
take place on the bidirectional data bus lines. The buffers driving the data bus lines have full three-state capability. Each 
data bus pin is connected to an input and output buffer, with the output buffer remaining in the floating condition. 




HEX 




IRQ VECTOR HIGH 

FFF 




IRQ VECTOR LOW 

FFE 

► ROM 



RES VECTOR HIGH 

FFD 



RES VECTOR LOW 

FFC 




NMI VECTOR HIGH 

FFB 

MriTce. 


NMI VECTOR LOW 

FFA 

(1) 

Additional 1024 bytes are decoded for external 




FF9 
800 . 


R6500/1 USER PROGRAM 



memory addressing. This area can be used during 
debug, but cannot be used in a masked ROM 
R6500/1. 


R6500/1E EXTENDED PROGRAM AREA (1) 

7FF 

400 

> 


1 

I> UNASSIGNED > 

h 1 

(2) 

(3) 

(4) 

I/O command only; i.e., no stored data. 

Clears Counter Overflow — Bit 7 in Control Register 
CAUTION: The device allows RAM mapping into 
040-07F, 100-13F, 140-17F, 200-23F, 240-27F, 
300-33F, and 340-37F; as well as 000-03F. The 
production R6500/1 , however allows RAM mapping 
only at 000-03F. 


CONTROL REGISTER 

08F 

< 

> UNASSIGNED 

k. S 

|^08E 

'08B 


CLEAR PA1 NEG EDGE DETECTED 

(2) 

08A 



CLEAR PAD POS EDGE DETECTED 

(2) 

089 



UPPER LATCH AND TRANSFER LATCH TO COUNTER 

(3) 

088 



LOWER COUNT 

(3) 

087 




UPPER COUNT 

086 




LOWER LATCH 

085 



UPPER LATCH 

084 




PORT D 

083 




PORT C 

082 




PORT B 

081 




PORT A 

080 , 



1 

[ UNASSIGNED ^ 

> 




USER RAM 

f03F 1 
1 000 j 

^RAM(4) 







Figure 2. R6500/1E Memory Map 
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R6500/1E 


Microprocessor Emulator Device 



TYPICAL PROGRAM MEMORY 
INTERCONNECTIONS 

Two typical connections between the R6500/1E and program 
memory (in this case, type 2716 and 2732 PROMS) are illustrated. 
Figure 4 shows a connection to a 2K 2716 PROM. Since the 
R6500/1 has a 2K ROM capacity, the contents of the PROM could 
be masked directly into the production R6500/1 ROM. 


Figure 5 shows a connection to a 4K 2732 PROM. Only 3K bytes 
{$400-$FFF) are enabled. The upper 2K bytes correspond the pro- 
duction ROM space ($800-$FFF) in the R6500/1. The extra 
IK ($400-$7FF) allows expanded or additional programs to be 
used during R6500/1 firmware development. The production pro- 
gram, however, must be reduced to 2K maximum ($800-$FFF) 
before masking into R6500/1 ROM. 
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R6500/1E 


Microprocessor Emulator Device 


CONNECTION 


MEMORY MAP 


D0-D7 


R6500/1E 




All 


00-07 


:> 


A0-A10 


2716 

PROM 


-D> 


OE 


FFF 


800 

7FF 


090 

08F 


000 

•SEE DETAILED 
MEMORY MAP 


2716 

PROM 


NOT USED 


RAM & I/O* 


Figure 4. R6500/1E Connected to One 2716 PROM (2K Bytes) 


CONNECTION 


MEMORY MAP 




FFF 

2732 

PROM 

800 


7FF 


400 


3FF 

NOT USED 

090 

RAM & I/O 

OOF 

nnn 


PROGRAM 

MEMORY 


EXTENDED 

MEMORY 

PROGRAM 


•SEE DETAILED 
MEMORY MAP 


Figure 5. R6500/1E Connected to One 2732 PROM (3K Bytes) 
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R6500/1E 


DEVICE TIMING 


Microprocessor Emulator Device 


Signal 

Symbol 

1 ^ 

IHz 

2 MHz 

Min. 

Max. 

Min. 

Max. 

R/W setup time from CPU 

TrwS 


300 


200 

Address setup time from CPU 

Tads 


300 


200 

Memory read access time 

tacc 


525 


225 

Data stabilization time 

Tdsu 

150 


75 


Data hold time — Read 

trr 

10 


10 


Data hold time — Write 

Trw 

30 


30 


Data delay time from CPU 

tmds 


200 


150 

RDY setup time 

trdy 

100 


50 


SYNC delay time from CPU 

tsync 


350 


175 

Address hold time 

ThA 

30 


30 


R/W hold time 

Thrw 

30 


30 


Cycle Time 

TcyC 

I 

1.0 

10.0 

0.5 

10.0 


TIMING DIAGRAMS 


PHASE 2 (^2) TIMING REFERENCE 



TIMING FOR READING FROM MEMORY 


TIMING FOR WRITING TO MEMORY 
— J TdiaiC L- — I 


ADDRESS 
FROM CPU 


DATA FROM 
MEMORY 


ADDRESS " 
FROM CPU. 







R6500/1E 


Microprocessor Emulator Device 


MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

V,N 

-0.3 to +7.0 

Vdc 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

Tstg 

-55 to +150 



'NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device atr these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 ±5%, Vss = 0, Ta = 0°C to 70°C unless otherwise specified) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Test Conditions 

RAM Standby Voltage (Retention Mode) 

Vrr 

3.5 

— 

o< 

o 

V 


RAM Standby Current (Retention Mode) 

Irr 

— 

10 

— 

mA 


Input High Voltage 

V,H 

+ 2.4 

— 

— 

Vdc 


Input Low Voltage 

V,L 

- 

— 

+ 0.8 

Vdc 


Three-State (Off State) Input Current 

Itsi 

— 

— 

±10 


V|N = 0.4 to 2.4V 

D0-D7 






Vcc = 5.25V 

Output High Voltage 

VoH 

+ 2.4 

— 

— 

Vdc 

Load = -100 fA 

D0-D7, SYNC, A0-A11, R/W, 02 






Vcc = 4.75V 

Output Low Voltage 

VoL 

— 

— 

+ 0.6 

Vdc 

Load = 1-6/iA 

D0-D7, SYNC, A0-A11, R/W, 02 






Vcc = 4.75V 

Power Dissipation (Vcc = 5.5V) 

Pd 

- 

750 

1200 

/iW 

Vcc = 5.5V 

Input Capacitance 

C|N 




PF 


RDY, PA, PB, PC, PD, CNTR 


— 

— 

10 



D0-D7 


— 

— 

15 


Ta = 25°C 

XTLI, XTLO 


— 

— 

50 


V|N = 0 

Output Capacitance 






f = 1 MHz 

A0-A11, R/W, SYNC 

Cqut 

— 

— 

12 

PF 


02 

^02 

— 


80 



I/O Port Pull-up Resistance 

Rl 

3.0 

6.0 

11.5 

kohm 



Notes: 

1. Typical values measured at = 25°C and Vcc = 5.0V. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
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PACKAGE DIMENSIONS 


R6500/1EC 64>PIN DIP CERAMIC 


10* MAX 



R6500/1EQ 64-PIN QUIP PLASTIC 


1.50 

(3.81 MM) 








R6500/1EB • R6500/1EAB 


<!l!» 

Rockwell 


R6500/1EB and R6500/1EAB 
Backpack Emulator 


INTRODUCTION 

The Rockwell R6500/1 EB and R6500/1 EAB Backpack Emulator 
is the PROM prototyping version of the 8-bit, masked-ROM 
R6500/1 one-chip microcomputer. Like the R6500/1, the back- 
pack device is totally upward/downward compatible with all 
members of the R6500/1 family. It is designed to accept stan- 
dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on 
top of the Emulator. This packaging concept allows a standard 
EPROM to be easily removed, reprogrammed, then reinserted 
as often as desired. 

The backpack devices have the same pinouts as the masked- 
ROM R6500/1 microcomputer. These 40 pins are functionally and 
operationally identical to the pins on the R6500/1, with some 
minor differences (described herein). The R6500/1 Microcom- 
puter Product Description (Order No. 212) includes a descrip- 
tion of the interface signals and their functions. Whereas the 
masked-ROM R6500/1 provides 2K bytes of read-only memory, 
the R6500/1EB will address 3K bytes of external program 
memory. This extra memory accommodates program patches, 
test programs or optional programs during breadboard and proto- 
type development states. 


ORDERING INFORMATION 


BACKPACK EMULATOR 


Part 

Number 

Memory 

Capacity 

Compatible 

Memories 

Temperature 
Range and Speed 

R6500/1EB3 

3Kx8 

2732 

0®C to 70°C 




1 MHz 

R6500/1EAB3 

3Kx8 

2732A 

0®C to 70'»C 



(250 ns) 

2 MHz 


SUPPORT PRODUCTS 


Part 

Number 

Description 

RDC-3101 

RDC-3030 

RDC-369 

Low Cost Emulator (LCE) 

PROM Programmer Module 

1- or 2-MHz R6500/1 Personality Module 


FEATURES 

• PROM version of the R6500/1 

• Completely pin compatible with R6500/1 single-chip 
microcomputers 

• Profile approaches 40-pin DIP of R6500/1 

• Accepts 5-volt, 24-pin industry-standard EPROMs 

— 4K memories — 2732, 2732A (3K bytes addressable) 

• Use as prototyping tool or for low volume production 

• 3K bytes of memory capacity (4K memories) 

• 64 X 8 static RAM 

• Separate power pin for RAM 

• Software compatibility with the R6500 family 

• 32 bi-directional TTL compatible I/O lines (4 ports) 

• 1 bi-directional TTL compatible counter I/O line 

• 16-bit programmable counter/latch with four modes (interval 
timer, pulse generator, event counter, pulse width 
measurement) 

• 5 interrupts (reset, non-maskable, two external edge sensi- 
tive, counter) 

• Crystal or external time base 

• Single -i-5V power supply 



R6500/1EB>R6500/1EAB Backpack Emulator 


Data Sheet 


Document No. 29000D60 
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Order No. D60 
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R6500/1EB and R6500/1EAB 


Backpack Emulator 


CONFIGURATION 

The external memory must always occupy the upper 2K of 
available memory (addresses 800 through FFF) for implemen- 
tation of interrupt vectors. See Memory Map. The Backpack 
Emulator provides a read block to the external memory where 
internal RAM or I/O are located in the same addresses as that 
occupied by external memory. 

EXTERNAL FREQUENCY REFERENCE 


The external frequency reference may be a crystal or a clock. 
The R6500/1 EB and R6500/1 EAB divide the input clock by two 
regardless of the source. 


I/O PORT PULLUPS 

The emulator devices have internal I/O port pullup resistors. 

PRODUCT SUPPORT 

The Backpack Emulator is just one of the products that Rockwell 
offers to facilitate system and program development for the 
R6500/1 . 

The Low Cost Emulator (LCE) with R6500/1 Personality Module 
supports both hardware and software development. Complete 
in-circuit user emulation with the R6500/1 Personality Module 
allows total system test and evaluation. With the optional PROM 
Programmer, the LCE can also be used to program EPROMs 
for the development activity. When PROM programs have been 
finalized, the PROM device can be sent to Rockwell for mask- 
ing into the 2K ROM of the R6500/1. 
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R6500/1EB and R6500/1EAB 


Backpack Emulator 


DETAILED MEMORY MAP 





HEX 



IRQ VECTOR HIGH 

FFF 



IRQ VECTOR LOW 

FFE 



RES VECTOR HIGH 

FFD 


PROM 

RES VECTOR LOW 

FFC 



NMI VECTOR HIGH 

FFB 




FFA 



R6500/1 USER PROGRAM 

FF9 

400 



R6500/1EB EXTENDED PROGRAM AREA (1) 

3FF 

400 


NOT 

USED 

UNASSIGNED 




08F 



UNASSIGNED 

08E 

08B 



fSI^:rOTr7T3JI=li7e!=iiT5ir.il4.1 

■■01 

08A 




(2) 

089 



UPPER LATCH AND TRANSFER 
LATCH TO COUNTER 

(3) 

088 



LOWER COUNT 

■■SI 

087 


I/O 

UPPER COUNT 

086 



LOWER LATCH 

085 



UPPER LATCH 

084 



PORT D 

083 



PORT C 

082 



PORT B 

081 



PORTA 

080 


NOT 

USED 

UNASSIGNED 

03F 

000 


RAM 

USER RAM 






NOTES 

(1) Additional 1024 bytes are decoded for external memory 
addressing by the Backpack Emulator Device. This area can 
be used during debug, but cannot be used in a masked 
ROM R6500/1. 

(2) I/O command only; i.e., no stored data. 

(3) Clears Counter Overflow— Bit 7 in Control Register 

(4) CAUTION: The device allows RAM mapping into 040-07F, 
100-13F, 140-17F, 200-23F, 240-27F, 300-33F, and 340-37F; 
as well as 000-03F. The production R6500/1 , however 
allows RAM mapping only at 000-03F. 

RAM MAPPING 

The Backpack Emulator allows RAM mapping into 040-07F, 
100-13F, 140-17F, 200-23F, 240-27F, 300-33F and 340-37F, as 
well as 000-03F. The production R6500/1 , however, allows RAM 
mapping only at 000-03F. This means that a write to location 
40, for example, will write to location 0 in the Backpack Emulator, 
and to invalid RAM in the R6500/1 production part. 

I/O PORT INITIALIZATION 

Ports A, B, C, and D and the CNTR line in the Backpack 
Emulator are initialized to the logic hi gh st ate two 02 clock 
cycles earlier than in the R6500/1 . The RES line to the device 
must, however, still be held low for at least eight 02 clock 
cycles after Vcc reaches operating range. See timing diagram. 


BACKPACK MEMORY SIGNAL 
DESCRIPTION 


Signal 

Name 

Pin No. 

Description 

D0-D7 

9S-11S, 

13S-17S 

Data Bus Lines. All instruction and data 
transfers take place on the data bus lines. The 
buffers driving the data bus lines have full three- 
state capability. Each data bus pin is connected 
to an input and an output buffer, with the out- 
put buffer remaining in the floating condition. 

A0-A9 

1S-8S, 
23S, 24S 

Address Bus Lines. The address bus lines are 
buffered by push/pull type drivers that can drive 
one standard TTL load. 

A10 

19S 

Address Bus Line 10. This address line has the 
same characteristics and functions as Lines 
A0-A9. 

CE 

18S 

CE is active when the address is 400-FFF. 
This line can drive one TTL load. 

OE 

20S 

Memory Enable Line. This signal provides the 
output enable for the memory to place informa- 
tion on the data bus lines. This signal is driven 
by the R/W signal from the CPU and then 
inverted by a standard TTL inverter, to form OE. 

Vcc 

24S 

Main Power Supply ^5V. This pin is tied directly 
to pin 30 (Vcc). 

A11 

21S 

Address Bus Line II. This pin is tied to A1 1 . Dur- 
ing backup power, power is supplied only to the 
RAM memory, and not to the PROMs. 

Vss 

12S 

Signal and Power Ground (zero volts). This pin 
is tied directly to pin 12 (Vss). 
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R6500/1EB and R6500/1EAB 


Backpack Emulator 


READ TIMING CHARACTERISTICS 


Signal 

Symbol 

1 MHz 

2 MHz 

Unit 

Min. 

Max. 

Min. 

Max. 

OE setup time from CPU 

Toes 

_ 

300 

_ 

150 

ns 

Address setup time from CPU 

Tads 

— 

300 

— 

150 

ns 

Memory read access time 

Tacc 

— 

525 

— 

250 

ns 

Data stabilization time 

Tdsu 

150 

_ 

100 


ns 

Data hold time — Read 

Thh 

10 

— 

10 

— 

ns 

Address hold time 

Tha 

30 

— 

30 

— 

ns 

OE hold time 

Thoe 

30 

— 

30 

— 

ns 

Cycle Time 

T 

ICYC 

1.0 

10.0 

0.5 

10.0 

flS 


READ TIMING WAVEFORMS 



gg 



,0.4V 

\ 

0.4V^ 


1 

\ 

hoe“*“ 

0.8V _ 

WM 

g 







^HA 



ADDRESS FROM 

f^DI 1 - 

iS 

WtMi 

2.0V-^ 
0.8V H 


UrU 

DATA FROM 

|Eg|R||| 

— 


t ^ 


- 2.0V 

MEMORY 


B 




-0.8V 


*<i>2 IS SHOWN FOR REFERENCE ONLY AND IS NOT AVAILABLE EXTERNAL TO THE DEVICE. 
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R6500/1EBand R6500/1EAB 


Backpack Emulator 


MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

-0.3 to +7.0 

Vdc 

Operating Temperature 
Commercial 

Ta 

TlIoTh 

0 to +70 

°C 

Storage Temperature 

Tstg 

- 55 to +150 



NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vss = OV; Ta = 0° to 70°, unless otherwise specified) 


Parameter 

Symbol 

Min 

Typ' 

Max 

Unit 

Test Conditions 

Input High Voltage 

D0-D7 

V|H 

+ 2.4 

— 

— 

V 


Input Low Voltage 

D0-D7 

V|L 

— 

— 

+ 0.8 

V 


Input Leakage Current (Three-State Off) 
D0-D7 

l|N 

— 

— 

±10.0 

aA 

V|N = 0.4 to 2.4V 

Vcc = 5.25V 

Output High Voltage (Except XTLO) 

D0-D7, A0-A11, OE 

VOH 

+ 2.4 

— 

— 

V 

Iload = - 100 /iA 
Vss= 4.75V 

Output Low Voltage 

D0-D7, A0-A1 1 , OE 

VoL 

— 

— 

+ 0.6 

V 

Load = 1-6 mA 

Vss = 4.75V 

I/O Port Pull-Up Resistance 

Rl 

3.0 

6.0 

11.5 

Kohm 


Input Capacitance 

D0-D7 

C|N 



15 

PF 

Ta = 25°C 

V,N = OV 
f = 1.0 MHz 

Output Capacitance (Three-State Off) 

A0-A1 1 

Cqut 



12 

PF 

Ta = 25°C 

V,N = OV 
f = 1.0 MHz 

Power Dissipation (Less EPROM) 

Pd 

— 

800 

1300 

mW 

Ta = O^C 

Notes: 

1. Typical values measured at T^ = 25°C and Vcc = 5.0V. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
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R6500/11«/12*/15 



R6500/11, R6500/12 and R6500/15 

Rockwell 

One-Chip Microcomputers 


SECTION 1 
INTRODUCTION 


1.1 FEATURES 

• Enhanced 6502 CPU 

—Four new bit manipulation instructions: 

Set Memory Bit (SMB) 

Reset Memory Bit (RMB) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 

— Decimal and binary arithmetic modes 
— 13 addressing modes 
— True indexing 

• 3K-byte mask-programmable ROM (R6500/11, R6500/12) 

• 4K-byte mask-programmable ROM (R6500/15) 

• 192-byte static RAM 

• 32 TTL-compatible I/O lines (R6500/11, R6500/15) 

• 56 TTL-compatible I/O lines (R6500/12) 

• One 8-bit port may be tri-stated under software control 

• One 8-bit port with programmable latched input 

• Two 16-bit programmable counter/timers, with latches 

— Pulse width measurement 

— Asymmetrical pulse generation 

— Pulse generation 

— Interval timer 
— Event counter 

— Retriggerable interval timer 

• Serial port 

— Full-duplex asynchronous operation mode 
— Selectable 5- to 8-bit characters 
— Wake-up feature 
— Synchronous shift register mode 
— Standard programmable bit rates, programmable up to 
62.5K bits/sec @ 1 MHz 

• Ten interrupts 

— Four edge-sensitive lines; two positive, two negative 
— Reset 

— Non-maskable 
— Two counter underflows 
— Serial data received 
— Serial data transmitted 

• Bus expandable to 16K bytes of external memory 

• Flexible clock circuitry 

— 2-MHz or 1-MHz internal operation 


— Internal clock with external 2 MHz to 4 MHz series 
resonant XTAL at two or four times internal frequency 
— External clock input divided by one, two or four 

• 1 fis minimum instruction execution time @ 2 MHz 

• NMOS-3 silicon gate, depletion load technology 

• Single + 5V power supply 

• 12 mW stand-by power for 32 bytes of the 192-byte RAM 

• 40-pin DIP (R6500/11 and R6500/15) 

• 44-pin PLCC (R6500/11 and R6500/15) 

• 64-pin QUIP (R6500/12) 

1.2 SUMMARY 

These Rockwell microcomputers are complete, high- 
performance 8-bit NMOS-3 microcomputers on a single chip, 
and are compatible with all members of the R6500 family. 

The R6500/11 consists of an enhanced 6502 CPU, an internal 
clock oscillator, 3072 bytes of Read-Only Memory, 192 bytess 
of Random Access Memory (RAM) and versatile interface cir- 
cuitry (Figure 1-1). The interface circuitry includes two 16-bit 
programmable timer/counters, 32 bidirectional input/output lines 
(including four edge-sensitive lines and input latching on one 
8-bit port), a full-duplex serial I/O channel, ten interrupts and 
bus expandability. 

The R6500/15 is identical to the R6500/11 except it has 4K of 
ROM. 

The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of com- 
putational power. These features make either device a leading 
candidate for microcomputer applications. 

The R6500/12 consists of all the features of the R6500/1 1 plus 
three additional I/O ports. It is packaged in a 64 pin QUIP. 

To allow prototype circuit development, Rockwell offers a PROM- 
compatible 64-pin extended microprocessor device. This device, 
the R651 10, provides all R6500/1 1 or R6500/15 interface lines, 
plus the address bus, data bus and control lines to interface with 
external memory. With the addition of external circuits it can also 
be used to emulate the R6500/1 2 (contact Rockwell sales offices 
listed on the back page for details). 


Document No. 29651 N23 


Product Description 


Order No. 2119 
Rev. 7, June 1987 
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R6500/11*/12«/15 


One-Chip Microcomputers 


A backpack emulator, the R65/11EB, is available for develop- 
ing R6500/1 1 applications. No backpack part is available for the 
R6500/12. 

The R6511Q may also be used as a CPU-RAM-l/0 counter 
device in multichip systems. 

Rockwell supports development of R6500/* single chip micro- 
computer applications with the Rockwell Design Center Low Cost 
Emulator (LCE) and R6500/* Personality Set. Program assembly 
can be performed on any user-provided computer using an 
assembler generating R6500/* machine code. The machine 
code can then be downloaded via an RS-232-C serial channel 
to the LCE for program debugging and in-circuit emulation. Com- 
plete in-circuit emulation with the R6500/* Personality Set allows 
total system test and evaluation. Refer to the RDC-3101/2 LCE 
and RDC-3XX R6500/* Personality Set data sheets, Order 
Nos. RDC17and RDC06, respectively, for additional information. 

This product description is for the reader familiar with the R6502 
CPU hardware and programming capabilities. A detailed descrip- 
tion of the R6502 CPU hardware is included in the R6500 
Microcomputer System Hardware Manual (Order Number 201). 
A description of the instruction capabilities of the R6502 CPU 
is contained in the R6500 Microcomputer System Programming 
Manual (Order Number 202). 


1.3 CUSTOMER OPTIONS 

The R6500/11 microcomputer Is available with the following 
customer specified mask options: 

• Option 1 Crystal oscillator 

• Option 2 Clock divide-by-2 or divide-by-4 

• Option 3 Clock MASTER Mode or SLAVE Mode 

• Option 4 Port A with or without internal pull-up resistors 

• Option 5 Port B with or without internal pull-up resistors 

• Option 6 Port C with or without internal pull-up resistors 

All options should be specified on an R6500/1 1 , /1 2 or /1 5 order 
form. 

The R6500/12 is available with all of the above options plus: 

• Option 7 Port F with or without internal pull-up resistors 

• Option 8 Port G with or without internal pull-up resistors 

Refer to the R6500/’‘ ROM Code Order Forms (Order Num- 
ber 2134) for detail option ordering information. 



Figure 1-1. R6500/11, R6500/12 and R6500/15 Interface Signals 
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SECTION 2 

INTERFACE REQUIREMENTS 


This section describes the interface requirements for the single 
chip microcomputer devices. Figures 2-1 and 2-2 show the 


pin assignments and Table 2-1 describes the function of each 
pin. Figures 2-3 and 2-4 show the package dimensions. 
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Figure 2-1. R6500/11 and R6500/1 5 Pin Assignments 
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Figure 2-2. R6500/12 Pin Assignments 
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Table 2-1. Pin Descriptions 


Signal Name 

I/O 

Pin Number 

Description 

< 

o 

o 


Main power supply + 5V. 

Vrr 


Separate power pin for RAM. In the event that V^c power is lost, this power retains RAM data. 

Vss 


Signal and power ground (OV). 

XTLI 

' 

Crystal or clock input for internal clock oscillator. Also allows input of X1 clock signal if XTLO is connected 
to Vss or X2 or X4 clock if XTLO is floated. 

XTLO 

0 

Crystal output from internal clock oscillator. 

Ms 

1 

The Reset input is used to initialize the device. This signal must not transition from low to high for at 
least eight cycles after Vqq reaches operating range and the internal oscillator is stabilized. 

02 

1 

Clock signal output at internal frequency. 

Mi 

1 

A negative going edge on the Non-Maskable interrupt signal requests that a non-maskable interrupt be 
generated within the CPU. 

PA0-PA7 

I/O 

Four 8-bit ports used for either input/output. Each line of Ports A, B and C consists of an active transistor 

PB0-PB7 

I/O 

to Vss ^*^^1 an optional passive pull-up to Vcc- In the abbreviated or multiplexed modes of operation Port C 

PC0-PC7 

I/O 

has an active pull-up transistor. Port D functions as either an 8-bit input or 8-bit output port. It has active 

PD0-PD7 

I/O 

pull-up and pull-down transistors. 

PE0-PE7 

0 

For the R6500/12, the 64-pin QUIP version, three additional ports (24 lines) are provided. Each line consists 

PF0-PF7 

I/O 

of an active transistor to Vss- PF0-PF7 and PG0-PG7 are bidirectional, and an optional passive pull-up 

PG0-PG7 

I/O 

to Vcc 'S provided. PE0-PE7 is outputs only with an active pull-up. All ports will source 100 Aiamps at 
2.4V except port E (PE0-PE7) which will source 1 mA at 1.5V. 


64 PIN PLASTIC QUIP 


DIM 

1 MILLIMETERS 1 

1 INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

41.15 

41.66 

1.620 

1.640 

B 

17.02 

17.53 

0.670 

0.690 

C 

3.05 

4.56 

0.120 

0.180 

D 

0.38 

0.51 

0.024 

0.020 

F 

1.27 BSC 

0.050 BSC 

G 

2.54 BSC 

0.100 BSC 

H 

1.02 

1.14 

0.040 

0.045 

J 

— 

7 ° 

— 

7 ° 

K 

2.79 

4.32 

0.110 

0.170 

L 

18.92 

19.81 

0.745 

0.755 

M 

23.37 

23.62 

0.920 

0.930 



i i 



Figure 2-3. 64-PIN QUIP Dimensions 
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PACKAGE DIMENSIONS 
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SECTION 3 

SYSTEM ARCHITECTURE 


This section provides a functional description of the devices. 
Functionally they consist of a CPU, both ROM and RAM mem- 
ories, four 8-bit parallel I/O ports (seven in the 64-pin versions), 
a serial I/O port, dual counter/latch circuits, a mode control 
register, and an interrupt flag/enable dual register circuit. A 
block diagram of the system is shown in Figure 3-1 . 


NOTE 

Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 

3.1 CPU LOGIC 

The internal CPU is a standard 6502 configuration with an 
8-bit Accumulator register, two 8-bit Index Registers (X and 
Y); an 8-bit Stack Pointer register, an ALU, a 16-bit Program 
Counter, and standard instruction register/decode and internal 
timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.1.2 Index Registers 

There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address— the sum of 
the program counter contents and the index register contents. 

When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack ma nipul ation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 

The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 


location is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1 . Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1 . The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 

The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 

3.1.4 Arithmetic And Logic Unit (ALU) 

All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.5 Program Counter 

The 1 6-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction / 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 

3.1.6 Instruction Register and Instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 

3.1.7 Timing Controi 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 


3-68 





R6500/11«/12»/15 One-Chip Microcomputers 






R6500/11*/12*/15 


One-Chip Microcomputers 


3.1.8 Interrupt Logic 

Interrupt lo gic contro ls th e sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 


3.2 NEW INSTRUCTIONS 

In addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required a read/modify/write operation. In 
order for these instructions to be equally applicable to any 
I/O ports, with or without mixed input and output functions, 
the I/O ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than I/O pins as in normal read 
cycles. The added instructions and their format are explained 
in the following subparagraphs. Refer to Appendix A for the 
Op Code mnemonic addressing matrix for these added 
instructions. 

3.2.1 Set Memory Bit (SMB m, Addr.) 

This instruction sets to “1 ” one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates 
address (00-FF) of the byte or I/O port to be operated upon. 

3.2.2 Reset Memory Bit (RMB m, Addr.) 

This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 

3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) 

This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
I/O ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 

3.2.4 Branch On Bit Reset Relative (BBR m, 

Addr, DEST) 

This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". 


3.3 READ-ONLY-MEMORY (ROM) 

In the R6500/1 1 or R6500/1 2 the ROM consists of 3072 bytes 
(3K) of mask programmable memory with an address space 
from F400 to FFFF. ROM locations FFFA through FFFF are 
assigned for interrupt and reset vectors. 

In the R6500/15 the ROM consists of 4096 bytes (4K) of mask 
programmable memory with an address space from FOOO to 
FFFF. ROM locations FFFA through FFFF are assigned for 
interrupt and reset vectors. 

3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 1 92 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R6500/1 1 provides a separate power pin (Vrr) which may be 
used for standby power for 32 bytes located at 0040- 005F. 
In the event of the loss of Vcc power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Vrr pin. If the RAM data retention is not required then VpR 
must be connected to Vcc. During operation Vrr must be at 
the Vcc level. 

For the RAM to retain data upon l oss o f Vcc, Vrr must be 
supplied within operating range and RES must be driven low 
at least eigh t 02 clock pulses before Vcc falls out of operating 
range. RES must then be held low while Vcc is out of oper- 
ating range and until at least eight 02 clock cycles after Vcc 
is again within operating range and the internal 02 oscillator 
is stabilized. Vrr must remain within Vcc operating range 
during normal operation. When Vcc is out of operating range, 
Vrr must remain within the Vrr retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 


RAM OPERATING MODE RAM RETENTION MODE 


5-J 

I „ I I 

Vrr 0-^ 

^ I 

I® 

I® 



p — ,, — ^ 



j " i_ 


I 

— 

I ^0 I—® "H 

|-TRL( 


1 INITIAL APPLICATION OF Vcc AND Vrr. 

2 LOSS OF Vcc, ram ON STANDBY POWER. 

3 REAPPLICATION OF Vcc- 

4 > 8 02 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 

5 >8 02 CLOCK PULSES. 


Figure 3-2. Data Retention Timing 
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3.5 CLOCK OSCILLATOR 

Customer selectable mask options are available for controlling the 
device timing. It can be ordered with a crystal oscillator, a divide- 
by-2 or divide-by-4 countdown network and for clock master mode 
or clock slave mode operation. 

Note: 

For 2 MHz internal operations the divide-by-two option must 
be specified. 

The on-chip oscillator is designed for a parallel resonant crystal 
connected between XTLI and XTLO pins. The equivalent oscilla- 
tor circuit is shown in Figure 3-3a. 

A parallel resonant crystal is specified by its load capacitance and 
series resonant resistance. For proper oscillator operation, the load 
capacitance (Cl), series resistance (Rs) and the crystal resonant 
frequency (F) must meet the following two relations; 

(C -t- 27) = 2Cl or C = 2Cl - 27 pF 

„ r, 2x106 

where: F is in MHz; C and Cl are in pF; R is in ohms.z 


To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer’s catalog. Next, 
calculate Rsmax based on F and Cl. The selected crystal must 
have a Rs less than the Rsmax- 



Figure 3-3. Clock Oscillator Input Options 


For example, if Cl = 22 pF for a 4 MHz parallel resonant crystal, 
then 

C = (2x22) - 27 = 17 pF 
(use standard value of 18 pF) 


The series resistance of the crystal must be less than 

2 X 10® 

Rsmax = = 258 ohms 

(4x22)2 

Internal timing can also be controlled by driving the XTLI pin with 
an external frequency source. Figure 3-3b shows typical connec- 
tions. If XTLO is left floating, the external source is divided by the 
internal countdown network. However, if XTLO is tied to Vss, the 
internal countdown network is bypassed causing the chip to oper- 
ate at the frequency of the external source. 

The operation described above assumed a CLOCK MASTER 
MODE mask option. In this mode a frequence souce (crystal or 
external source) must be applied to the XTLI and XTLO pins. 02 
is a buffered output signal which closely approximates the inter- 
nal timing. When a common external source is used to drive mul- 
tiple devices the internal timing between devices as well as their 
02 outputs will be skewed in time. If skewing represents a system 
problem it can be avoided by the Master/Slave connection and 
options shown in Figure 3-4. 

One device is operated in the CLOCK MASTER MODE and a 
second in the CLOCK SLAVE MODE. Mask options In the SLAVE 
unit convert the 02 signal into a clock input pin which Is tightly cou- 
pled to the internal timing generator. As a result the internal tim- 
ing of the MASTER and SLAVE units are synchronized with mini- 
mum skew. If the 02 signal to the SLAVE unit is inverted, the 
MASTER and SLAVE UNITS WILL OPERATE OUT OF PHASE. 
This approach allows the two devices to share external memory 
using cycle stealing techniques. 



Figure 3-4. Master/Slave Connections 
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3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains control bits for the mul- 
tifunction I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the device in any appiication. Initial- 
izing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 


Bus Mode Select 


Addr 0014 


I I dounter' A 

Counter B Mode Select 

Mode Select 6 0 Interval Timer 

I I 0 1 Pulse Generation 

1 0 Event Counter 

I I 1 1 Pulse Width Meas. 

0 0 Interval Timer 

0 1 Asymmetric Pulse Generation 

1 0 Event Counter 

1 1 Retriggerable Interval Timer 

Port B Latch 
(1 = Enabled) 

L Port D Tri-State 

(0= Tri State High Impedance Mode) 


0 X Normal 

1 0 Abbr. Bus 

1 — 1 Mux’d Bus 


Figure 3-5. Mode Control Register 


The use of Counter A Mode Select is shown in Section 6.1 . 

The use of Counter B Mode Select is shown in Section 6.2. 

The use of Port B Latch Enable is shown in Section 4.4. 

The use of Port D in Tri-State Enable is shown in Section 
4.6. 

The use of Bus Mode Select is shown in Section 4.5 and 4.6. 


3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (lER) 

An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable R egist er (lER). Muitiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all interrupting conditions have been 
serviced and cleared. 

The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address; 001 1 . Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 

0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 

001 1 . In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual lER bits 
may be cle ared by writing a "0" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1 . 
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Addr 0011 


[_ PAO Positive 
Edge Detect 
PA1 Positive 
Edge Detect 
|_ PA2 Negative 
Edge Detect 
PA3 Negative 
Edge Detect 
Counter A 
Underflow Flag 


Counter B 
Underflow Flag 
Receiver 
Flag 


XMTR 

Flag 


Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1. Interrupt Flag Register Bit Codes 


BIT 

CODE 

FUNCTION 

IFR 0: 

PAO Positive Edge Detect Flag— Set to a “T* when a positive going edge is detected on PAO. 

Cleared by RMB 0 (0010) instruction or by RES. 

IFR 1: 

PA1 Positive Edge Detect Flag — Set to a 1 when a positive going edge is detected on PA1 . 

Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2: 

PA2 Negative Edge Detect Flag — Set to a 1 when a negative going edge is detected on PA2. 

Cleared by RMB 2 (0010) instruction or by RES. 

IFR 3: 

PA3 Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on PA3. 

Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: 

Counter A Underflow Flag — Set to a 1 when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001 A, or by RES. 

IFR 5: 

Counter B Underflow Flag — Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001 C, by writing to address location 001 E, or by RES. 

IFR 6: 

Receiver Interrupt Flag— Set to a 1 when any of the Serial Communication Status Register bits 

0 through 3 is set to a 1 . Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 

RES. 

IFR 7: 

Transmitter Interrupt Flag — Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a 0 or SCSR 

7 is set to a 1 . Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, shown in Figure 3-7, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 
by the user’s program and the CPU, The R6502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. 

3.8.1 Carry Bit (C) 

The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry 
occurred as the result of arithmetic operations. 

The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 

3.8.2 Zero Bit (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during 3 ny data 
movement or calculation which sets all 8 bits of the result to 


zero. This bit fs cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not aii zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions: ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 

3.8.3 Interrupt Disable Bit (I) 

The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (IrS). If the I Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1 , the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask- 
able Interrupt (NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the I bit. 


7 6 5 4 3 2 1 0 


N V 


B D » Z C 


NOTES 

0 Not initialized by RES 
0 Set to Logic 1 by RlS 


CARRY (C)0 

1 = Carry Set 

0 = Carry Clear 

ZERO(Z)0 

1 = Zero Result 

0 = Non-Zero Result 

INTERRUPT DISABLE (I) 0 

1 = IRQ Interrupt Disabled 

0 z IRQ Interrupt Enabled 

DECIMAL MODE(D)0 

1 = Decimal Mode 

0 = Binary Mode 

BREAK COMMAND (B)0 

1 _ Break Command 

0 = Non Break Command 

OVERFLOW (0)0 

1 = Overflow Set 

0 = Overflow Clear 

. NEGATIVE (N)0 

1 = Negative Value 
Or Postive Value 


Figure 3-7. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 

The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1 , the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 


CAUTION 

The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 

3.8.5 Break Bit (B) 

The Break Bit ( B) is used to determine the conditi on w hich 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU execut ed a BRK 
command, the Break Bit will be set to logic 1 . If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 

3.8.6 Overflow Bit (V) 

The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 n ^ 127). 


This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or -128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 

The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instruction. When used in this mode, the overflow 
has nothing to do with signed arithmetic, but is just another 
sense bit for the microprocessor. Instructions which affect the 
V flag are ADC, BIT, CLV, PLP, RTI and SBC. 

3.8.7 Negative Bit (N) 

The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1 . If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if The sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 

PARALLEL INPUT/OUTPUT PORTS 


The R6500/1 1 or R6500/15 has 32 I/O lines grouped into four 
8-bit ports (PA, PB, PC, and PD). Ports A through C may be 
used either for input or output individually or in groups of any 
combination. Port D may be used as all Inputs or all outputs. 

The R6500/12, a 64-pin QUIP device, has three additional 
ports: PE, PF and PG. PE is outputs only; PF and PG are 
bidirectional. 

Multifunction I/O’s such as Port A and Port C are protected 
from normal port I/O instructions when they are programmed 
to perform a multiplexed function. 

Internal pull-up resistors (FET’s with an impedance range of 
3K ^ Rpu ^ 12K ohm) may be provided on all port pins 
except Port D and E as a mask option. 

The direction of the I/O lines are controlled by four 8-bit port 
registers located in page zero. This arrangement provides 
quick programming access using simple two-byte zero page 
address instructions. There are no direction registers asso- 
ciated with the I/O ports, which simplifies I/O handling. The 
I/O addresses are shown in Table 4-1. Section E.6 shows 
the I/O Port Timing. 

Table 4-1. I/O Port Addresses 


Port 

Address 

A 

0000 

B 

0001 

C 

0002 

D 

0003 

E 

0004 

F 

0005 

G 

0006 


4.1 INPUTS 


Inputs for Ports A, B, and C and also Ports F and G of the 
R6500/12 are enabled by loading logic 1 into all I/O port 
register bit positions that are to correspond to I/O input lines. 
A low ( <0.8V) input signal will cause a logic 0 to be read when 
a read instruction is issued to the port register. A high (>2.0V) 
input will cause a logic 1 to be read. An RES signal forces 
all I/O port registers to logic 1 thus initially treating all I/O lines 
as inputs. 


Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a “0”. 

The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 

Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD and also ports PF and PG 
of the R6500/1 2. During the Read cycle of a Read/Modify/ 
Write instruction the Port I/O register is read. For all other 
read instructions the port input lines are read. Read/Modify/ 
Write instructions are: ASL, DEC, INC, LSR, RMB, ROL, 
ROR, and SMB. 

4.2 OUTPUTS 

Outputs for Ports A thru D and Ports E thru G of the R6500/1 2 
are controlled by writing the desired I/O line output states Into 
the corresponding I/O port register bit positions. A logic 1 will 
force a high (>2.4V) output while a logic 0 will force a low 
(<0.4V) output. 

Port D all outputs is selected by setting MCR5 to a “1”. 

Port E is always all outputs. 

4.3 PORT A (PA) 

Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter I/O lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 

In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges, and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the 02 clock rate. Edge detection timing is shown in Sec- 
tion E.5, 
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Table 4-2. Port A Control & Usage 


PAO (2) 

PAO I/O 

PORT B LATCH MODE 


MCR4 = 0 

MCR4 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PAO 

I/O 

PORTS 

LATCH STROBE 

INPUT (1) 





PA1 (2) 

PA2 (3) 

PA3 (3) 

PA1-PA3 I/O 



SIGNAL 


NAME 

TYPE 


PA1 

PA2 

PA3 

I/O 

I/O 

I/O 




PA4 

PA4 I/O 

I COUNTER A I/O | 

MCRO = 0 

MCR1 = 0 

SCCR7 = 0 

RCVR S/R MODE = 0 
(4) (5) 

MCRO = 1 

MCR1 = 0 

SCCR7 = 0 

RCVR S/R MODE = 0 
(4) 

SCCR7 = 0 

SCCR6 = 0 

MCR1 = 1 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PA4 

I/O 

CNTA 

OUTPUT 

CNTA 

INPUT (1) 

SERIAL I/O SHIFT REGISTER CLOCK | 

SCCR7 = 1 

SCCR5 = 1 

RCVR S/R MODE = 1 
(4) 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

XMTR CLOCK 

OUTPUT 

RCVR CLOCK 

INPUT (1) 

n 

PA5 

PAS I/O 

COUNTER B I/O | 

MCR3 = 0 

MCR2 = 0 

MCR3 = 0 

MCR2 = 1 

MCR3 = 1 

MCR2 = X 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PAS 

I/O 

CNTB 

OUTPUT 

CNTB 

INPUT (1) 

1 

Notes: 

(1) Hardware Buffer Float 

(2) Positive Edge Detect 

(3) Negative Edge Detect 

(4) RCVR S/R Mode = 1 when 
SCCR6 • SCCRS • SCCR4 = 1 

(5) For the following mode combina- 
tions PA4 is available as an input 
only pin: 

SCCR7‘SCCR6‘SCCR5.MCR1 

PA6 

PA6 I/O 

SERIAL I/O 

XMTR OUTPUT 

SCCR7 = 0 

SCCR7 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PA6 

I/O 

XMTR 

OUTPUT 

1 

PA7 

PA7 I/O 

SERIAL I/O 

RCVR INPUT 

+ SCCR7-SCCR6*SCCR4‘MCR1 
+ SCCR7‘SCCR6«SCCR5 
+ SCCR7*SCCRS*SCCR4‘ 

SCCR6 = 0 

SCCR6 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PA7 

I/O 

RCVR 

INPUT (1) 
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4.4 PORT B (PB) 

Port B can be programmed as an 8 bit, bit independent I/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Section E.5. 

Table 4-3. Port B Control & Usage 



I/O Mode 

Latch 

Mode 




MCR4 = 1 


MCR4 = 0 

(2) 

Pin 

Signal 

Signal 

Name 

Name 

Type (1) 

Name 

Type 

PBO 

PBO 

I/O 

PBO 

INPUT 

FBI 

PB1 

I/O 

PB1 

INPUT 

PB2 

PB2 

I/O 

PB2 

INPUT 

PB3 

PB3 

I/O 

PB3 

INPUT 

PB4 

PB4 

I/O 

PB4 

INPUT 

PBS 

PBS 

I/O 

PBS 

INPUT 

PB6 

PB6 

I/O 

PB6 

INPUT 

PB7 

PB7 

I/O 

PB7 

INPUT 


(1) Resistive pull-up, active buffer pull down 

(2) Input data is stored in port B latch by PAO pulse 


4.5 PORT C (PC) 

Port C can be programmed as an I/O port and in conjunction 
with Port D, as an abbreviated bus, or as a multiplexed bus. 
When used in the abbreviated or multiplexed bus m odes , 
PC0-PC7 function as A0-A3, A12, R/W , A13, and EMS, 
respectively, as shown in Table 4-4. EMS (External Memory 
Select) is asserted (low) whenever the internal processor 
accesses memory area between 0100 and 3 FFF. (See 
Memory Map, Appendix B). The leading edge of EMS may 
be used to strobe the eight address lines multiplexed on Port 
D in the Multiplexed Bus Mode. See Appendix E.3 through 
E.5 for Port C timing. 

4.6 PORT D (PD) 

Port D can be programmed as an I/O Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
D is made by the Mode Control Register (MCR). The Port D 


output drivers can be selected as tri-state drivers by setting 
bit 5 of the MCR to 0 (zero). Table 4-5 shows the necessary 
settings for the MCR to achieve the various modes for Port 
D. When Port D is selected to operate in the Abbreviated 
Mode PD0-PD7 serves as data register bits D0-D7. When 
Port D is selected to operate in the Multiplexed Mode data 
bits DO through D7 are time multiplexed with address bits A4 
through All, respectively. Refer to the Memory Maps 
(Appendix C) for Abbreviated and Multiplexed memory 
assignments. See Appendix E.3 through E.5 for Port D timing. 


4.7 PORT E, PORT F AND PORT G (PE, 

PF & PG R6500/12 ONLY 

Port E only operates in the Output mode. It provides a Dar- 
lington output that can source current at the high (1) level. 
Port F and Port G operate identically and can be pro- 
grammed as bidirectional I/O ports. They have standard 
output capability. See Appendix E.5 for Port E, F & Port G 
timing. 

4.8 BUS MODES 

In the Abbreviated Bus Mode, Port C and Port D are automati- 
cally transformed into an abbreviated address bus and control 
signals (Port C) and a bidirectional data bus (Port D). 
64 Peripheral addresses can be selected. In general usage, 
these 64 addresses would be distributed to several external 
I/O devices such as R6522 and R6520, etc., each of which may 
contain more than one unique address. 

In the Multiplexed Bus Mode, the operation is similar to the 
Abbreviated Mode except that a full 16K of external addresses 
are provided. Port C provides the lower addresses and control 
signals. Port D multiplexes functions. During the first half of the 
cycle it contains the remaining necessary 8 address bits for 
16K: during the second half of the cycle it contains a bidirec- 
tional data bus. The address bits appearing on Port D must be 
latche d into an external holding register. The leading edge of 
EMS, which indicates that the bus function is active, may be 
used for this purpose. 

MCR5 must be a logic 1 in the Abbreviated and Multiplexed 
Bus Modes. 

Figures 4-1a through 4-1c show the possible configurations of 
the four bus modes. 
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'LATCH SUCH AS 74LS 373 

B. ABBREVIATED BUS MODE C. MULTIPLEXED BUS MODE 

1. R6500/11 orR6500/12 

2. R6500/15 


Figure 4-1 . Bus Mode Configurations 
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Table 4-4. Port C Control and Usage 



I/O Mode 

Abbreviated 

Mode 

Multiplexed 

Mode 


MCR7 = 0 

MCR7 = 1 

MCR7 = 1 


MCR6 = X 

MCR6 = 0 

MCR6 = 1 


Signal 

Signal 

Signal 

Pin 


Type 


Type 


Type 

Name 

Name 

(1) 

Name 

(2) 

Name 

(2) 

PCO 

PCO 

I/O 

AO 

OUTPUT 

AO 

OUTPUT 

PC1 

PC1 

I/O 

A1 

OUTPUT 

A1 

OUTPUT 

PC2 

PC2 

I/O 

A2 

OUTPUT 

A2 

OUTPUT 

PC3 

PC3 

I/O 

A3 

OUTPUT 

A3 

OUTPUT 

PC4 

PC4 

I/O 

A12 

OUTPUT 

A12 

OUTPUT 

PCS 

PCS 

I/O 

R/W 

OUTPUT 

R/W 

OUTPUT 

PCS 

PCS 

I/O 

A13 

OUTPUT 

A13 

OUTPUT 

PC7 

PC7 

I/O 

EMS 

OUTPUT 

EMS 

OUTPUT 


(1) Resistive Pull-Up, Active Buffer Pull-Down 

(2) Active Buffer Pull-Up and Pull-Down 


Table 4-5. Port D Control and Usage 



I/O Modes 

Abbreviated 

Mode 

Multiplexed Mode 


MCR7 = 0 

MCR7 = 0 

MCR7 = 1 


MCR7 = 1 



MCR6 = X 

MCR6 = X 

MCR6 = 0 


MCR5 = 1 



MCR5 = 0 

MCR5 = 1 

MCR5 = 1 


MCR5 = 1 



Signal 

Signal 

Signal 

Signal 

Signal 

Pin 







Phase 1 

Phase 2 

Name 

Name 

Type (1) 

Name 

Type (2) 

Name 

Type (3) 

Name 

Type (2) 

Name 

Type (3) 

PDO 

PDO 

INPUT 

PDO 

OUTPUT 

DATAO 

I/O 

A4 

OUTPUT 

DATAO 

I/O 

PD1 

PD1 

INPUT 

PD1 

OUTPUT 

DATA1 

I/O 

AS 

OUTPUT 

DATA1 

I/O 

PD2 

PD2 

INPUT 

PD2 

OUTPUT 

DATA2 

I/O 

A6 

OUTPUT 

DATA2 

I/O 

PD3 

PD3 

INPUT 

PD3 

OUTPUT 

DATA3 

I/O 

A7 

OUTPUT 

DATA3 

I/O 

PD4 

PD4 

INPUT 

PD4 

OUTPUT 

DATA4 

I/O 

A8 

OUTPUT 

DATA4 

I/O 

PDS 

PDS 

INPUT 

PDS 

OUTPUT 

DATAS 

I/O 

A9 

OUTPUT 

DATAS 

I/O 

PD6 

PD6 

INPUT 

PD6 

OUTPUT 

DATA6 

I/O 

A10 

OUTPUT 

DATA6 

I/O 

PD7 

PD7 

INPUT 

PD7 

OUTPUT 

DATA7 

I/O 

A11 

OUTPUT 

DATA7 

I/O 


(1) Tri-State Buffer is in High Impedance Mode 

(2) Tri-State Buffer is in Active Mode 

(3) Tri-State Buffer is in Active Mode Only During the Phase 2 Portion of a Write Cycle 
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SECTION 5 

SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Serial I/O channel with pro- 
grammable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is determined by Counter A 
for all modes except the Receiver Shift Register (RCVR 
S/R) mode for which an external shift clock must be provided. 
The maximum data rate using the internal clock is 62.5K bits 
per second (@^2 = 1 MHz). The transmitter (XMTR) and 
receiver (RCVR) can be independently programmed to 
operate in different modes and can be independently ena- 
bled or disabled. 


□ 

□ 

□ 

R 

□ 

□ 

□ 

□ 


O'^Odd Parity 
I 1''-'Even Parity 

0 Parity Disable 

1 Parity Enable 

0 8 Bits/Char 

0 1~7 Bits/Char 

1 6 Bits/Char 

1 1 r- 5 Bits/Char 

0 0 XMTR & RCVR ASYN Mode 

0 1 XMTR ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 

0 RCVR Disable 

1 RCVR Enable 

0 XMTR Disable 

1 XMTR Enable 


Figure 5-1 . Serial Communication Controi Register 

Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 



In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
Is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 

The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 


IFR7 = SCSR6 (SCSR5 + SCSR7) 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 

5.1 TRANSMITTER OPERATION (XTMR) 

The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are in Figure 5-2. When parity is dis- 
abled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 


5.2 RECEIVER OPERATION (RCVR) 

The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1 In the ASYN mode, 
data format must have a start bit, appropriate number of data 
bits, a parity bit (if enabled) and one stop bit. Refer to par- 
agraph 5.1 for a diagram of bit allocations. The receiver bit 
period is divided into 8 sub-intervals for internal synchroni- 
zation. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-naif the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1 . 
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Figure 5-3. ASYN Receive Data Timing 

In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 



Figure 5-4. S/R Mode Timing 

A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 

5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows; 

SCSRO: Receiver Data Register Full — Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cle ared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR6 = 0. The SCSR 
0 bit will not be set to a logic 1 if the received data 
contains an error condition, instead, a corre- 
sponding error bit will be set to a logic 1 . 

SCSR1 ; Over-Run Error — Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister, with the last character still in the Receiver 
Data Register. This bit is cle ared b y reading the 
Receiver Data Register, or by RES. 

SCSR2: Parity Error — Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 


received data has a parity error. This bit is cl eared 
by reading the Receiver Data Register or by RES. 

SCSR3: Framing Error — Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Clea red b y reading the 
Receiver Data Register or by RES. (ASYN Mode 
only). 

SCSR4: Wake-Up — Set to a logic 1 by writing a "1" in bit 
4 of a ddress: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive Ts. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR5: End of Transmission — Set to a logic 1 by writing 
a "1” in bit position 5 of address: 0 016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR6: Transmitter Data Register Empty — Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister is transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR7: Transmitter Under-Run — Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of n ew da ta into the Transmitter Shift 
Register, or by RES. 



Figure 5-5. SCSR Bit Allocation 

5.4 WAKE-UP FEATURE 

In a multi-distributed microprocessor or microcomputer 
applications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU’s to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
eleven consecutive 1’s which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 
COUNTER/TIMERS 


The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 1 6-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 


Counter A 


Counter B 


• Pulse width 
measurement 

• Pulse Generation 

• Interval Timer 

• Event Counter 


• Retriggerable Interval Counter 

• Asymmetrical Pulse 
Generation 

• Interval Timer 

• Event Counter 


Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) 
will be set to "1". This bit may be cleared by reading the 
Lower Counter A at loca tion 0018, by writing to address 
location 001 A, or by RES. 

Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 


Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 


MCR1 
(bit 1) 

MCRO 
(bit 0) 

Mode 

0 

0 

Inten/al Timer 

0 

1 

Pulse Generation 

1 

0 

Event Counter 

1 

1 

Pulse Width Measurement 


6.1 COUNTER A 

Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001 A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 

The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 001 9 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001 A. The contents of the accumulator will be copied into the 



The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Timer 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
-Upper Latch before the Latch value is transferred to 
the Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity 's therefore 1/xs to 65535 
ms at the 1 MHz 02 clock rate or 0.5 fis to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1 . If the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflo w bit in the Interrupt Flag 
Register can be ex amin ed in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1 . 

6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs, or a 
write is performed to address 001 A. 

The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001 A. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 

The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit {IER4) is set to^^logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 



Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 02 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 


The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 



6.1.5 Serial I/O Data Rate Generation 

Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 

Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 02 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


16 X bps 

where 

N = decimal value to be loaded into Counter A using 
its hexadecimal equivalent. 

02 = the clock frequency (1 MHz or 2 MHz) 

bps = the desired data rate. 


NOTE 

In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 


Standard 

Baud 

Rate 

Hexadecimal 

Value 

Actual 

Baud 

Rate 

At 

Clock Rate 
Needed 

To Get 
Standard 
Baud Rate 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

50 

04E1 

09C3 

50.00 

50.00 

1 .0000 

2.0000 

75 

0340 

0682 

75.03 

74.99 

1 .0000 

2.0000 

110 

0237 

046F 

110.04 

110.04 

1 .0000 

2.0000 

150 

01 AO 

0340 

149.88 

150.06 

1 .0000 

2.0000 

300 

OOCF 

01 AO 

300.48 

299.76 

1 .0000 

2.0000 

600 

0067 

OOCF 

600.96 

600.96 

1 .0000 

2.0000 

1200 

0033 

0067 

1201.92 

1201.92 

1 .0000 

2.0000 

2400 

0019 

0033 

2403.85 

2403.85 

1 .0000 

2.0000 

3600 

0010 

0021 

3676.47 

3676.47 

0.9792 

1 .9584 

4800 

OOOC 

0019 

4807.69 

4807.69 

1 .0000 

2.0000 

7200 

0008 

0010 

6944.44 

7352.94 

1 .0368 

1 .9584 

9600 

0006 

OOOC 

8928.57 

9615.38 

1 .0752 

2.0000 


6.2 COUNTER B 

Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 02 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a read 
at location 001 D for the Upper Counter B and at location 
001 E or 001 C for the Lower Counter B. A read at location 
001 C also clears the Counter B Underflow Flag. 

Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch 
B at location 001 D and the Lower Latch B at location 001 C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 

Counter B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFRS) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at 
locat ion 001 C, by writing to address location 001 E, or by 
RES. 

Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 


6.2.1 Retriggerable Interval Timer Mode 

When operating in the Retriggerable Interval Timer mode. 
Counter B is initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 



6.2.2 Asymmetrical Pulse Generation Mode 

Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the following descriptions). 
The initialization sequence for Latch B and C and the starting 
of a counting sequence are as follows: 

1 . The lower 8 bits of P are loaded into LLB by writing to 
address 001 C, and the upper 8 bits of P are loaded 
into ULB and the full 1 6 bits are transferred to Latch 
C by writing to address location 001 D. At this point 
both Latch B and Latch C contain the value of P. 

2. The lower 8 bits of D are loaded into LLB by writing to 
address 001 C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001 E. Writing 
to address location 001 E also causes the contents of 
the 16-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 

3. When the Counter B underflow occurs the contents of 
the Latch C is loaded into the Counter B, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch B is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process. 
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SECTION 7 

POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER-ON TIMING 

After applications of Vcc and Vrr power to the device, RES 
must be held low for at least eight 02 clock cycles after Vcc 
reaches operating range and the interal oscillator has stabil- 
ized. This stabilization time is dependent upon the input Vcc 
voltage and performance of the Internal oscillator. The clock 
can be monitored at 02 (pin 3). Figure 7-1 illustrates the 
power turn-on waveforms. Clock stabilization time is typically 
20 ms. 


'^cc 0- 


CLOCK STABILIZATION TIME 


XTLO 


^ POWER ON / I i 1 1 

02 


RES 


8 02 CLOCKS I 
CYCLES MINT 


CKS 


Figure 7-1 . Power Turn-on Timing Detail 

7.2 POWER-ON RESET 

The occurrence of RES going from low to high will cause the 
device to set the Interrupt Mask Bit — bit 2 of the Processor 
Status Register — and initiate a reset vector fetch at address 
FFFC and FFFD to begin user program execution. All of the 
I/O ports (PA, PB, PC, PD) will be forced to the high (logic 1) 
state. Ail bits of the Control Register will be cleared to logic 
0 causing the Interval Timers counter mode (mode 00) to be 
selected and causing all interrupt enabled bits to be reset. 



7.3 RESET (RES) CONDITIONING 

When RES is driven from low to high the device is put in a 
reset state causing the registers and I/O ports to be con- 
figured as shown in Table 7-1. All RAM and other CPU 
registers wiil initialize in a random, non-repeatable data 
pattern. 


Table 7.1 RES Initialization of I/O Ports and Registers 



Add. 

(Hex.) 

Bit No. 

7 

6 

5 

4 

3 

2 

1 

0 

Registers 










Processor Status 

— 

— 

— 

— 

— 

— 

1 

— 

— 

Int. Flag (IFR) 

11 

0 

0 

0 

0 

0 

0 

0 

0 

Int. Enable (lER) 

12 

0 

0 

0 

0 

0 

0 

0 

0 

Mode Control (MCR) 

14 

0 

0 

0 

0 

0 

0 

0 

0 

Ser. Com. Control (SCCR) 

15 

0 

0 

0 

0 

0 

0 

0 

0 

Ser. Com. Status (SCSR) 

16 

0 

1 

0 

0 

0 

0 

0 

0 

Ports 










PA Latch 

0 

1 

1 

1 

1 

1 

1 

1 

1 

PB Latch 

1 

1 

1 

1 

1 

1 

1 

1 

1 

PC Latch 

2 

1 

1 

1 

1 

1 

1 

1 

1 

PD Latch 

3 1 

1 

1 

1 

1 

1 

1 

1 

1 


7.4 INITIALIZATION 

Any initialization process for the device should include a 
RES, as indicated in the preceding paragraphs. After stabiliza- 
tion of the internal clock (if a power on situation) an initializa- 
tion subroutine should be executed to perform (as a minimum) 
the following functions: 

1 . The Stack Pointer should be set 

2. Clear or Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls as required 

5. Clear Interrupts 

A typical initialization subroutine could be as follows: 

LDX Load stack pointer starting address into X 
Register 

TXS Transfer X Register value to Stack Pointer 

CLD Clear Decimal Mode 

SEC Set Carry Flag 

.... Set-up Mode Control and 

.... special function 

.... registers as required 

CLI Clear Interrupts 
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APPENDIX A 

ENHANCED R6502 INSTRUCTION SET 


This appendix summarizes the R6500/11. R6500/12 and 
R6500/15 instruction set. For detailed information, consult 
the R6500 Microcomputer System Programming Manual 
(Order No. 202). Four new bit access instructions are added 
to enhance the standard 6502 instruction set. 


Table A.1 R6500/11, R6500/12 and R6500/15 Instruction Set in Alphabetic Sequence 


Mnemonic 

Instruction 

Mnemonic 

instruction 

ADC 

Add Memory to Accumulator with Carry 

LDA 

Load Accumulator with Memory 

AND 

“AND” Memory with Accumulator 

LDX 

Load Index X with Memory 

ASL 

Shift Left One Bit (Memory or Accumuiator) 

LDY 

Load Index Y with Memory 



LSR 

Shift One Bit Right (Memory or 

*BBR 

Branch on Bit Reset Relative 


Accumulator) 

*BBS 

Branch on Bit Set Relative 



BCC 

Branch on Carry Clear 

NOP 

No Operation 

BCS 

Branch on Carry Set 



BEQ 

Branch on Result Zero 

ORA 

"OR” Memory with Accumulator 

BIT 

Test Bits in Memory with Accumulator 



BMI 

Branch on Result Minus 

PHA 

Push Accumulator on Stack 

BNE 

Branch on Result not Zero 

PHP 

Push Processor Status on Stack 

BPL 

Branch on Result Plus 

PLA 

Pull Accumulator from Stack 

BRK 

Force Break 

PLP 

Pull Processor Status from Stack 

BVC 

Branch on Overflow Clear 



BVS 

Branch on Overflow Set 

*RMB 

Reset Memory Bit 



ROL 

Rotate One Bit Left (Memory or 

CLC 

Clear Carry Flag 


Accumulator) 

CLD 

Clear Decimal Mode 

ROR 

Rotate One Bit Right (Memory or 

CLI 

Clear Interrupt Disable Bit 


Accumulator) 

CLV 

Clear Overflow Flag 

RTI 

Return from Interrupt 

CMP 

Compare Memory and Accumulator 

RTS 

Return from Subroutine 

CPX 

Compare Memory and Index X 



CPY 

Compare Memory and Index Y 

SBC 

Subtract Memory from Accumulator with 
Borrow 

DEC 

Decrement Memory by One 

SEC 

Set Carry Flag 

DEX 

Decrement Index X by One 

SED 

Set Decimal Mode 

DEY 

Decrement Index Y by One 

SEI 

Set Interrupt Disable Status 



*SMB 

Set Memory Bit 

EOR 

“Exclusive-Or” Memory with 

STA 

Store Accumulator in Memory 


Accumulator 

STX 1 

Store Index X in Memory 



STY 

Store Index Y in Memory 

INC 

Increment Memory by One 



INX 

Increment Index X by One 

TAX ! 

Transfer Accumulator to Index X 

INY 

Increment Index X by One 

TAY 

Transfer Accumulator to Index Y 



TSX 

Transfer Stack Pointer to Index X 

JMP 

Jump to New Location 

TXA 

Transfer Index X to Accumulator 

JSR 

Jump to New Location Saving Return 

TXS 

Transfer Index X to Stack Register 


Address 

TYA ! 

Transfer Index Y to Accumulator 

Notes: 




* Instructions added to this standard 6502 instruction set. 
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Table A.2 R6500/11, R6500/12 and R6500/15 Instruction Set Summary 


INSTRUCTIONS 


IMMEDIATE ABSOLUTE ZERO PAGE ACCUM. 


ADC A-M-C— A (4)(1) 

AND A M-A ^(1) 

ASL C- 0 I —0 

BBR(#(0-7)] Branch on M. = 0 (5)(2) 
BBS[)!f(0-7)l Branch on M6 = 1 (5)(2) 


Y 1-Y 
AVM-A (1) 


Jump to New Loc 
Jump Sub 
M-A (1) 

M-X (1) 


NOP No Operation 

ORA AVM-A(1) 

PHA A-Ms S 1- 

PHP P— Ms S 1 — 

PLA S 1-S Ms- 

PLP S-1-S Ms- 

RMB(#(0-7)l 0— M„ (5) 


09 2 2 OD 4 3 05 3 2 


ADDRESSING MODES 

(IND), Y |z. PAGE, X| ABS, X 


01 6 2 D1 5 2 D5 


El 6 2 FI 5 2 F5 


PROCESSOR STATUS 
CODES 


ABS, Y RELATIVE INDIRECT Z. PAGE, Y BIT ADDRESSING (OP BY BIT #) 


27 37 47 57 67 77 


87 97 A7 B7 C7 D7 E7 F7 


NOTES 

1 Add 1 to N if page boundary is crossed 

2 Add 1 to N if branch occurs to same page 
Add 2 to N if branch occurs to different page 

3 Carry not = Borrow 

4 It in decimal mode Z flag is invalid 
accumulator must be checked on zero result 

5 Effects 8-bit data field of the specified zero page address 


X = Index X 

Y = Index Y 

A = Accumulator 

M = Memory per effective address 

Ms = Memory per stack pointer 

Mt, = Selecter zero page memory bit 
Mj = Memory Bit 7 


= Memory Bit 6 
= Add 
= Subtract 
= And 
= Or 

= Exclusive Or 
= Number of cycles 
= Number of Bytes 
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Table A.3 R6500/11, R6500/12 and R6500/15 Instruction Operation Code Matrix 



0 

1 

2 

3 

4 

5 

6 

LSD 

7 8 

9 

A 

B 

C 

D 

E 

F 

7 


BRK 

ORA 




ORA 

ASL 

RMBO 

PHP 

ORA 

ASL 



ORA 

ASL 

BBRO 


0 

Implied 

(IND, X) 




ZP 

ZP 

ZP 

Implied 

IMM 

Accum 



ABS 

ABS 

ZP 

0 


1 7 

2 6 




2 3 

2 5 

2 5 

1 3 

2 2 

1 2 



3 4 

3 6 

3 5** 



BPL 

ORA 




ORA 

ASL 

RMB1 

CLC 

ORA 




ORA 

ASL 

BBR1 


1 

Relative 

(IND). Y 




ZP. X 

ZP, X 

ZP 

Implied 

ABS, Y 




ABS, X 

ABS, X 

ZP 

1 


2 2** 

2 5* 




2 4 

2 6 

2 5 

1 2 

3 4* 




3 4‘ 

3 7 

3 5** 



JSR 

AND 



BIT 

AND 

ROL 

RMB2 

PLP 

AND 

ROL 


BIT 

AND 

ROL 

BBR2 


2 

Absolute 

(IND. X) 



ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


ABS 

ABS 

ABS 

ZP 

2 


3 6 

2 6 



2 .3 

2 3 

2 5 

2 5 

1 4 

2 2 

1 2 


3 4 

3 4 

3 6 

3 5** 



BMI 

AND 




AND 

ROL 

RMB3 

SEC 

AND 




AND 

ROL 

BBR3 


3 

Relative 

(IND. Y) 




ZP. X 

ZP. X 

ZP 

Implied 

ABS. Y 




ABS, X 

ABS. X 

ZP 

3 


2 2" 

2 5* 




2 4 

2 6 

2 5 

1 2 

3 4* 




3 4* 

3 7 

3 5** 



RTI 

EOR 




EOR 

LSR 

RMB4 

PHA 

EOR 

LSR 


JMP 

EOR 

LSR 

BBR4 


4 

Implied 

(IND. X) 




ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


ABS 

ABS 

ABS 

ZP 

4 


1 6 

2 6 




2 3 

2 5 

2 5 

1 3 

2 2 

1 2 


3 3 

3 4 

3 6 

3 5** 



BVC 

EOR 




EOR 

LSR 

RMB5 

CLI 

EOR 




EOR 

LSR 

BBR5 


5 

Relative 

(IND). Y 




ZP. X 

ZP,X 

ZP 

Implied 

ABS, Y 




ABS, X 

ABS. X 

ZP 

5 


2 2** 

2 5* 




2 4 

2 6 

2 5 

1 2 

3 4* 




3 4* 

3 7 

3 5** 



RTS 

ADC 




ADC 

ROR 

RMB6 

PLA 

ADC 

ROR 


JMP 

ADC 

ROR 

BBR6 


6 

Implied 

(IND. X) 




ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


Indirect 

ABS 

ABS 

ZP 

6 


1 6 

2 6 




2 3 

2 5 

2 5 

1 4 

2 2 

1 2 


3 5 

3 4 

3 6 

3 5** 



BVS 

ADC 




ADC 

ROR 

RMB7 

SEI 

ADC 




ADC 

ROR 

BBR7 


7 

Relative 

(IND. Y) 




ZP, X 

ZP. X 

ZP 

Implied 

ABS, Y 




ABS. X 

ABS, X 

ZP 

7 

Q 

2 2** 

2 5* 




2 4 

2 6 

2 5 

1 2 

3 4* 




3 4‘ 

3 7 

3 5** 

Q 

W 

2 


STA 



STY 

STA 

STX 

SMBO 

DEY 


TXA 


STY 

STA 

STX 

BBSO 


8 


(IND. X) 



ZP 

ZP 

ZP 

ZP 

Implied 


Implied 


ABS 

ABS 

ABS 

ZP 

8 



2 6 



2 3 

2 3 

2 3 

2 5 

1 2 


1 2 


3 4 

3 4 

3 4 

3 5** 



BCC 

STA 



STY 

STA 

STX 

SMB1 

TYA 

STA 

TXS 



STA 


BBS1 


9 

Relative 

(IND. Y) 



ZP. X 

ZP, X 

ZP, Y 

ZP 

Implied 

ABS. Y 

Implied 



ABS, X 


ZP 

9 


2 2** 

2 6 



2 4 

2 4 

2 4 

2 5 

1 2 

3 5 

1 2 



3 5 


3 5** 



LDY 

LDA 

LDX 


LDY 

LDA 

LDX 

SMB2 

TAY 

LDA 

TAX 


LDY 

LDA 

LDX 

BBS2 


A 

IMM 

(IND. X) 

IMM 


ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Implied 


ABS 

ABS 

ABS 

ZP 

A 


2 2 

2 6 

2 2 


2 3 

2 3 

2 3 

2 5 

1 2 

2 2 

1 2 


3 4 

3 4 

3 4 

3 5** 



BCS 

LDA 



LDY 

LDA 

LDX 

SMB3 

CLV 

LDA 

TSX 


LDY 

LDA 

LDX 

BBS3 


B 

Relative 

(IND). Y 



ZP. X 

ZP, X 

ZP. Y 

ZP 

Implied 

ABS, Y 

Implied 


ABS, X 

ABS, X 

ABS, Y 

ZP 

B 


2 2** 

2 5* 



2 4 

2 4 

2 4 

2 5 

1 2 

3 4* 

1 2 


3 4* 

3 4* 

3 4* 

3 5** 



CRY 

CMP 



CPY 

CMP 

DEC 

SMB4 

INY 

CMP 

DEX 


CPY 

CMP 

DEC 

BBS4 


C 

IMM 

(IND. X) 



ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Implied 


ABS 

ABS 

ABS 

ZP 

C 


2 2 

2 6 



2 3 

2 3 

2 5 

2 5 

1 2 

2 2 

1 2 


3 4 

3 4 

3 6 

3 5** 



BNE 

CMP 




CMP 

DEC 

SMBS 

CLD 

CMP 




CMP 

DEC 

BBSS 


D 

Relative 

(IND). Y 




ZP, X 

ZP, X 

ZP 

Implied 

ABS. Y 




ABS, X 

ABS, X 

ZP 

D 


2 2** 

2 5* 




2 4 

2 6 

2 5 

1 2 

3 4* 




3 4* 

3 7 

3 5“ 



CPX 

SBC 



CPX 

SBC 

INC 

SMB6 

INX 

SBC 

NOP 


CPX 

SBC 

INC 

BBS6 


E 

IMM 

(IND. X) 



ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Implied 


ABS 

ABS 

ABS 

ZP 

E 


2 2 

2 6 



2 3 

2 3 

2 5 

2 5 

1 2 

2 2 

1 2 


3 4 

3 4 

3 6 

3 5** 



BEQ 

SBC 




SBC 

INC 

SMB7 

SED 

SBC 




SBC 

INC 

BBS7 


F 

Relative 

(IND). Y 




ZP, X 

ZP, X 

ZP 

Implied 

ABS, Y 




ABS, X 

ABS, X 

ZP 

F 


2 2** 

2 5* 




2 4 

2 6 

2 5 

1 2 

3 4* 




3 4* 

3 7 

3 5** 


Z 

0 

1 

2 

3 

4 

5 

6 

7 8 

LSD 

9 

A 

B 

C 

D 

E 

F 

\ 


MSD = Most Significant Digit *Add 1 to N if page boundary is crossed. 

LSD = Least Significant Digit **Add 1 to N if branch occurs to same page; 

add 2 to N if branch occurs to different page. 


0 


BRK —OP Code 
0 Implied —Addressing Mode 

1 7 — Instruction Bytes; Machine Cycles 
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APPENDIX B 

KEY REGISTER SUMMARY 


PROGRAM COUNTER PC 


2 C PROCESSOR STATUS REG P 


CPU Registers 



elect 0 0 Interval Timer 

1 0 1 Pulse Generation 

1 0 Event Counter 

1 1 Pulse Width Meas. 

- 0 Interval Timer 
- 1 Asymmetric Pulse Generation 
_ 0 Event Counter 
_ 1 Retriggerable Interval Timer 


NOTES 

1 Not initialized by RES 
0 Set to Logic 1 by RES 


Processor Status Register 


INTERRUPT DISABLE (1) © 


DECIMAL MODE (D) © 


BREAK COMMAND (B) © 


(0 ^ Tri-State High Impedance Mode) 


Mode Control Register 


PAO Positive 
Edge Detect 
PA1 Positive 
Edge Detect 
PA2 Negative 
Edge Detect 
[_ PA3 Negative 
Edge Detect 
_ Counter A 
Underflow Flag 
Counter B 
Underflow Flag 


Interrupt Enable and Flag Registers 


SCSR 7 6 5 


3 2 1 0 Addr 0016 


0~Odd Parity 
1~Even Parity 


0 Parity Disable 
I I 1-1 Parity Enable 
0 0 ~ 8 Bits/Char 

0 1~7 Bits/Char 

1 0~ 6 Bits/Char 

1 1 ~ 5 Bits/Char 

Q XMTR & RCVR ASYN Mode 
1 XMTR ASYN, RCVR S/R 
X XMTR S/R, RCVR ASYN 


- 0 XMTR Disable 
1 XMTR Enable 


Serial Communications Control Register 


XMTR Data Reg Empty 


Serial Communications Status Register 
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APPENDIX C 

ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


C.1 I/O AND INTERNAL REGISTER ADDRESSES 


ADDRESS 



(HEX) 

READ 

WRITE 

001 F 

— 

— 

IE 

Lower Counter B 

Upper Latch B, Cntr B-^Latch B, CLR Flag 

ID 

Upper Counter B 

Upper Latch B, Latch C«-Latch B 

1C 

Lower Counter B, CLR Flag 

Lower Latch B. 

IB 

1A 

Lower Counter A 

Upper Latch A, Cntr A<-Latch A, CLR Flag 

19 

Upper Counter A 

Upper Latch A 

18 

Lower Counter A, CLR Flag 

Lower Latch A 

17 

Serial Receiver Data Register 

Serial Transmitter Data Register 

16 

Serial Comm. Status Register 

Serial Comm. Status Reg. Bits 4 & 5 only 

15 

Serial Comm. Control Register 

Serial Comm. Control Register 

14 

Mode Control Register 

Mode Control Register 

13 

12 

Interrupt Enable Register 

Interrupt Enable Register 

11 

Interrupt Flag Register 

— 

0010 

Read FF 

Clear Int Flag (Bits 0-3 only, Write O’s only) 

OF 

OE 

OD 

OC 

— 

— 

OB 

OA 

09 

08 

— 

— 

07 

06 

Port G* 

Port G* 

05 

PortF* 

Port F* 

04 

Port E* 

Port E* 

03 

Port D 

Port D 

02 

Porte 

Port C 

01 

Port B 

Port B 

0000 

Port A 

Port A 


NOTE *R6500/12Q only. 
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C.2 ABBREVIATED MODE 
MEMORY MAP 


C.3 MULTIPLEXED MODE 
MEMORY MAP 


FFFE 

FFFC 

FFFA 

F400 

FOOO 


001 F 
0000 


ROM (3K) 


ROM (4K) 


Peripheral Devicesj 
(64) 

Abbr Addr Mode 


Internal Ram (192) 


I/O & Registers 


Internal 

Registers 


I/O Ports E, F, G 
(R6500/12Q) 


l/OPortsA, B, C, D 


0010 

OOOF 


0007 

0006 

0004 

0003 


FFFE 

FFFC 

FFFA 

F400 

FOOO 


--J-3FFF 


“OOFF 
0040 
001 F 
0000 


ROM (3K) 


ROM (4K) 


External Memory 
(16384-256) 
Mux’d Addr Mode 


Internal Ram (192) 


Reserved 


I/O & Registers 


Internal 

Registers 


I/O Ports E, F, G 
(R6500/12Q) 


I/O Ports A, B, C, D 


0010 

OOOF 

0007 

0006 

0004 

0003 


C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS— PORT C AND PORT D 


PIN 

I/O PORT 

ABBREVIATED PORT 

MULTIPLEXED PORT 

NUMBER 

FUNCTION 

FUNCTION 

FUNCTION 

4 

PCO 

AO 

AO 

5 

PCI 

( A1 

A1 

6 

PC2 

A2 

A2 

7 

PC3 

A3 

A3 

8 

PC4 

A12 

A12 

9 

PCS 

R/W 

R/W 

10 

PC6 

A13 

A13 

11 

PC7 

EMS 

EMS 

19 

PDO 

DO 

A4/D0 

18 

PD1 

D1 

A5/D1 

17 

PD2 

D2 

A6/D2 

16 ^ 

PD3 

D3 

A7/D3 

15 

PD4 

' D4 

A8/D4 

14 

PD5 

D5 

A9/D5 

13 

PD6 

D6 

A10/D6 

12 

PD7 

D7 

A11/D7 
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APPENDIX D 

ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc & Vrr 

-0.3 to -I- 7.0 

Vdc 

Input Voltage 

V|N 

-0.3 to +7.0 

Vdc 

Operating Temperature 
Commercial 

Industrial 

Ta 

Tl to Th 

Oto +70 
-40 to +85 


Storage Temperature 

Tstg 

-55 to +150 



NOTE: Stresses above those listed may cause permanent dam- 
age to the device. This is a stress rating only and functional oper- 
ation of the device at these or any other conditions above those 
indicated in other sections of this document is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vrr = Vcc; Vss = OV; T^ = 0° to 70°, unless otherwise specified) 


Parameter 

Symbol 

Min. 

Typ.i 

Max. 

Unit 

Test Conditions 

RAM Standby Voltage (Retention Mode) 

Vrr 

3.0 


< 

o 

o 

V 


RAM Standby Current (Retention Mode) 

Irr 




mA 

Ta = 25«C 

Commercial 


— 

4 

— 



Industrial 


— 

5.2 

— 



Input High Voltage 

V,H 




V 


All Except XTLI and 02 in Slave Option 


+ 2.0 

— 

Vcc 



XTLI and 02 in Slave Option 


+ 4.0 

— 

Vcc 



Input Low Voltage 

V,L 

-0.3 

- 

+ 0.8 

V 


Input Leakage Current 

l|N 

— 

— 

±10.0 

/xA 

V,N = 0 to 5.0V 

RES, NMI 







Input Low Current 

IlL 

_ 

-1.0 

-1.6 

mA 

V|L = 0.4 V 

PA, PB, PC, PD, PF3, and PG^ 







Output High Voltage (Except XTLO) 

VOH 

+ 2.4 

- 

Vcc 

V 

Load = -l00/xA 

Darlington Current Drive, PE^ 

•oh 

-1.0 

— 

- 

mA 

VoH = 1-5V 

Output Low Voltage 

VoL 

- 

- 

+ 0.4 

V 

Load = 1 -6 mA 

I/O Port Pull-Up Resistance 

Rl 

3.0 

6.0 

11.5 

Kohm 


PAO - PA7, PBO - PB7, PCO - PC7, 
PF0-PF73&PG0-PG73 







Output Leakage Current (Three-State Off) 

■out 

- 

- 

±10 

/xA 


Input Capacitance 

C|N 


I 


PF 

Ta = 25°C 

XTLI, XTLO 


— 

— 

50 


V,N = OV 

PA, PB, PC, PD, PF3, PG3 


— 

— 

10 


f = 1.0 MHz 

Output Capacitance (Three-State Off) 

Cqut 

— 

— 

10 

pF 

Ta = 25°C 

V|N = OV 







f = 1.0 MHz 

Power Dissipation (Outputs High) 

Pd 

- 

- 

1000 

mW 

Ta = 0«C 

Notes: 







1. Typical values measured at T^ = 25°C and Vcc = 5.0V. 






2. Negative sign indicates outward current flow, positive indicates inward flow. 





3. R6500/12Qonly. 
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APPENDIX E 

TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES 

1 . Vcc = 5V ±5%, 0°C « TA s 70°C 

2. A valid Vcc - RES sequence is required before proper 
operation is achieved. 

3. All timing reference levels are 0.8V and 2.0V, unless 
otherwise specified. 

4. All time units are nanoseconds, unless otherwise specified. 

5. All capacitive loading is 130pF maximum, except as noted 
below; 


PA, PB 

PC (I/O Modes Only) 

PC (Abb and Mux Mode) 

PC6, PC7 (Full Address Mode) 


50pF maximum 
50pF maximum 
130pF maximum 
130pF maximum 


E.2 CLOCK TIMING 


Symbol 

Parameter 

1 MHz 

2 MHz 

Units 

Min 

Max 

Min 

Max 

^CYC 

Cycle Time 

1.0 

10 

0.5 

10 

(iS 

1’pwxi 

XTLI Input Clock 
Pulse Width 

XTLO = VSS 

500 

±25 


250 

±10 

■ 

ns 

f^PW02 

Output Clock Pulse 
Width at Minimum 

^CYC 

Tpwxi 

Tpwxi 
. +0 
-25 

Tpwxi 

Tpwxi 

-1-0 

-20 

ns 

Tr, Tp 

Output Clock Rise, 
Fall Time 

— 

25 

— 

15 

ns 

f^lR> f^lF 

Input Clock Rise 

Fall Time 

— 

10 

— 

10 

ns 
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E.3 ABBREVIATED MODE TIMING— PC AND PD 


(MCR 5 = 1, MCH 6 = 0, MCR 7 = 1) 


Symbol 

Parameter 

1 MHz 

2 MHz 

Units 

Min 

Max 

Min 

Max 

TpCRS 

(PCS) R/W Setup Time 

— 

22S 

— 

140 

ns 

TpCAS 

(PC0-PC4, PCS) Address Setup Time 

— 

22S 

- 

140 

ns 

fpBSU 

(PD) Data Setup Time 

SO 

- 

3S 

- 

ns 

TpBHR 

(PD) Data Read Hold Time 

10 

- 

10 

- 

ns 

TpBHW 

(PD) Data Write Hold Time 

30 

- 

30 

- 

ns 

TpBDD 

(PD) Data Output Delay 

- 

17S 

- 

ISO 

ns 

TpCHA 

(PC0-PC4, PC6) Address Hold Time 

30 

- 

30 

- 

ns 

TpCHR 

(PCS) RM Hold Time 

30 

- 

30 

- 

ns 

TpCHV 

(PC7) EMS Hold Time 

10 

— 

10 

- 

ns 

Tesu 

(PC7) EMS Setup Time 

— 

3S0 

— 

210 

ns 

Tpcvp 

(PC7) EMS Stabilization Time 

30 

- 

30 

1 

- 

ns 


NOTE 1: Values assume PC0-PC4, PC6 and PC7 have the same capacitive load. 


E.3.1 Abbreviated Mode Timing Diagram 



One-Chip Microcomputers 



WRITE 



TPBHW 
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E.4 MULTIPLEXED MODE TIMING— PC AND PD 

(MCR 5 = 1, MCR 6 = 1, MCR 7 = 1) 


Symbol 

Parameter 

1 MHz 

2 MHz 

Units 

Min 

Max 

Min 

Max 

TpCRS 

(PCS) R/W Setup Time 

— 

22S 

— 

140 

ns 

TpCAS 

(PC0-PC4, PC6) Address Setup Time 

— 

225 

— 

140 

ns 

TpBAS 

(PD) Address Setup Time 

— 

225 

_ 

140 

ns 

'^"PBSU 

(PD) Data Setup Time 

SO 

— 

35 

— 

ns 

TpBHR 

(PD) Data Read Hold Time 

10 

— 

10 

— 

ns 

TpBHW 

(PD) Data Write Hold Time 

30 

— 

30 

— 

ns 

TpBDD 

(PD) Data Output Delay 

— 

175 

— 

150 

ns 

TpCHA 

(PC0-PC4, PC6) Address Hold Time 

30 

— 

30 

— 

ns 

TpBHA 

(PD) Address Hold Time 

10 

100 

10 

80 

ns 

TpCHR 

(PCS) R/W Hold Time 

30 

— 

30 

— 

ns 

TpCHV 

(PC7) Ei^ Hold Time 

10 

— 

10 

— 

ns 

TpcVD^^^ 

(PC7) Address to EMS Delay Time 

30 

— 

30 

— 

ns 

Tpcvp 

(PC7) EMS Stabilization Time 

30 

— 

30 

— 

ns 

^ESU 

(PC7) EMS Setup Time 

1 

350 

- 

210 

ns 


NOTE 1: Values assume PD0-PD7 and PC7 have the same capacitive load. 


E.4.1 Multiplex Mode Timing Diagram 
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E.5 I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 


Symbol 

Parameter 

1 MHz 

2 MHz 

Units 

Min 

Max 

Min 

Max 


Internal Write to Peripheral Data Valid 





ns 


PA, PB, PC, PE, PF, PG, TTL 

__ 

SOO 

— 

SOO 



PA, PB, PC, PE, PF, PG, CMOS 

— 

1000 

— 

1000 


TpDDW 

PD 

— 

17S 

— 

ISO 



Peripheral Data Setup Time 





ns 

TpDSU 

PA, PB, PC, PF, PG 

200 

— 

200 

— 


TpDSU 

PD 

SO 

— 

SO 

— 



Peripheral Data Hold Time 





ns 

TpHR 

PA, PB, PC, PF, PG 

75 

— 

75 

— 


TpHR 

PD 

10 

— 

10 

— 


Tepw 

PA0-PA3 Edge Detect Pulse Width 

Tcyc 

- 

Tcyc 

- 

ns 


Counters A and B 





ns 

Tcpw 

PA4, PAS Input Pulse Width 

Tcyc 

— 

^CYC 

— 


Tcd''' 

PA4, PAS, Output Delay 

— 

SOO 

— 

SOO 



Port B Latch Mode 





ns 

TpBLW 

PAO Strobe Pulse Width 

Tcyc 

— 

Tcyc 

— 


TpLSU 

PB Data Setup Time 

17S 

— 

ISO 

— 


TpBLH 

PB Data Hold Time 

30 

— 

30 




Serial I/O 





ns 

TpDW^I^ 

PA6 XMTR TTL 

— 

SOO 

— 

SOO 


Tcmos*^^ 

PAS XMTR CMOS 

— 

1000 

— 

1000 


Tcpw 

PA4 RCVR S/R Clock Width 

4 Tcyc 

— 

4 Tcyc 

— 


TpDW^^^ 

PA4 XMTR Clock— S/R Mode (TTL) 

— 

SOO 

— 

SOO 


Tcmos^^* 

PA4 XMTR Clock— S/R Mode (CMOS) 

— 

1000 

— 

1000 


NOTE 1 

: Maximum Load Capacitance: SOpF Passive Pull-Up Required. 




E.5.1 I/O, Edge Detect, Counter, and Serial I/O Timing 
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R65/11EB and R65/11EAB 

Rockwell 

Backpack Emulator 


INTRODUCTION 


The Rockwell R65/11EB and R65/11EAB Backpack Emulator are 
PROM prototyping versions of the 8-bit, masked-ROM R6500/11 
and R6500/15 one-chip microcomputers. Like the R6500/11, the 
backpack device is totaily upward/downward compatible with all 
members of the R6500/11 family. It is designed to accept standard 
5-volt, 24-pin EPROMs or ROMs directly, in a socket on top of the 
Emulator. This packaging concept allows a standard EPROM to 
be easily removed, re-programmed, then reinserted as often as 
desired. 


The backpack devices have the same pinouts as the masked- 
ROM R6500/11 and R6500/15 microcomputers. These 40 pins are 
functionally and operationally identical to the pins on the R6500/11. 
The R6500/11 Microcomputer Product Description (Order 
No. 2119) includes a description of the interface signals and their 
functions. Whereas the masked-ROM R6500/11 provides 3K bytes 
of read-only memory, the R65/11EB will address 4K bytes of exter- 
nal program memory. This extra memory accommodates program 
patches, test programs or optional programs during breadboard 
and prototype development states. 


ORDERING INFORMATION 


BACKPACK EMULATOR 


Part 

Number 

Memory 

Capacity 

Compatible 

Memories 

Temperature 
Range and Speed 

R65/11EB 

4K X 8 

2732 

0°C to 70®C 




1 MHz 

R65/11EAB 

4K X 8 

2732A 

0°C to 70^0 




2 MHz 


SUPPORT PRODUCTS 


Part 

Number 

Description 

RDC-3101 

RDC-3030 

RDC-309 

Low Cost Emulator (LCE) Development System 
LCE PROM Programmer Module 

1 or 2-MHz R6500/11 Personality Module 


FEATURES 

• PROM version of the R6500/11 and R6500/15 

• Completely pin compatible with R6500/11 single-chip 
microcomputers 

• Profile approaches 40-pin DIP of R6500/11 

• Accepts 5 volt, 24-pin industry-standard EMPROMS— 4K 
memories— 2732, 2732A (4K bytes addressable) 

• Use as prototyping tool or for low volume production 

• 4K bytes of memory capacity 

• 192 X 8 static RAM 

• Separate power pin for 32 bytes of RAM 

• Software compatibility with the R6500 family 

• 32 bi-directional TTL compatible I/O lines (4 ports) 

• Two 16-bit programmable counter/latches with six modes 
(interval timer, pulse generator, event counter, pulse width 
measurement, asymmetrical pulse generator, and retriggerable 
interval timer) 

• 10 interrupts (reset, non-maskable, four external edge sensi- 
tive, 2 counters, serial data received, serial data transmitted) 

• Crystal or external time base 

• Single -H 5V power supply 

Note: R6500/11 describes both R6500/11 and R6500/15. 



R65/11EB Backpack Emulator 


Document No. 29001D13 


Data Sheet 


Order No. D113 
Rev. 1, June 1987 






R65/11EB and R65/11EAB 


Backpack Emulator 


CONFIGURATIONS 


MODE CONTROL REGISTER 


The Backpack Emulator is available in two different versions, to 
accommodate 1 MHz and 2 MHz speeds. Both versions provide 
192 bytes of RAM and I/O, as well as 24 signals to support the 
external memory “backpack” socket. 

The emulator will relocate the EPROM address space to FXXX 
(see Memory Map). EPROM addresses FFA through FFF must 
contain the interrupt vectors. 

EXTERNAL FREQUENCY REFERENCE 

The external frequency reference may be a crystal or a clock. The 
R65/11EB and R65/11EAB divide the input clock by two regard- 
less of the source. 

I/O PORT PULLUPS 

The devices have internal I/O port pull-up resistors on ports A, B, 
& C. Port D has push-pull drivers. 


Bit 6 of the MODE CONTROL REGISTER (MCR6) must be set to 
1 if Bit 7 (MCR7) is set to 0. (R65/11EB and R65/11EAB only). 


PRODUCT SUPPORT 

The Backpack Emulator is just one of the products that Rockwell 
offers to facilitate system and program development for the 
R6500/11. 

The Low Cost Emulator (LCE) Development System with R6500/11 
Personality Module supports both hardware and software develop- 
ment. Complete in-circuit user emulation with the R6500/11 Per- 
sonality Module allows total system test and evaluation. With the 
optional PROM Programmer, the LCE can also be used to program 
EPROMs for the development activity. When PROM programs 
have been finalized, the PROM device can be sent to Rockwell 
for masking into the 3K ROM of the R6500/11 or the 4K ROM of 
the R6500/15. 



R65/11EB Interface Diagram 
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Backpack Emulator 



Vss 

Vm 

PBO 

PB1 

PB2 

PBS 

PB4 

PBS 

PB6 

PB7 

PAO 

PA1 

PA2 

PAS 

PA4 

PAS 

PAS 

PA7 

NMI 

Vcc 


BACKPACK MEMORY SIGNAL 
DESCRIPTION 


Signal 

Name 

Pin No, 

Description 

D0-D7 

9S-11S, 

13S-17S 

Data Bus Lines. All instruction and data trans- 
fers take place on the data bus lines. The 
buffers driving the data bus lines have full 
three-state capability. Each data bus pin is con- 
nected to an input and an output buffer, with 
the output buffer remaining in the floating 
condition. 

A0-A7 
A8, A9 
A10 

A11 

1S-8A, 
23S, 24S 
19S 

21 S 

Address Bus Lines. The address bus lines are 
buffered by push/pull type drivers that can 
drive one standard TTL load. 

CE 

18S 

Chip Enable. CE is active when the address is 
8000-FFFF. This line can drive one TTL load. 


20S 

Memory Enable Line. This signal provides the 
output enable for the memory to place informa- 
tion on the data bus lines. This signal is driven 
by an inverted R/W signal from the CPU. It can 
drive 1 TTL load. 

Vcc 

24S 

Main Power Supply -t-5V. This pin is tied 
directly to pin 21 (Vcc)- 

Vss 

12S 

Signal and Power Ground (zero volts). This pin 
is tied directly to pin 40 (Vss)- 


I/O AND INTERNAL REGISTER ADDRESSES 


Address 



(Hex) 

Read 

Write 

001F 

— 

— 

IE 

Lower Counter B 

Upper Latch B, Cntr B — Latch B, CLR Flag 

ID 

Upper Counter B 

Upper Latch B, Latch C — Latch B 

1C 

Lower Counter B, CLR Flag 

Lower Latch B 

IB 

1A 

Lower Counter A 

Upper Latch A, Cntr A— Latch A, CLR Flag 

19 

Upper Counter A 

Upper Latch A 

18 

Lower Center A, CLR Flag 

Lower Latch A 

17 

Serial Receiver Data Register 

Serial Transmitter Data Register 

16 

Serial Comm. Status Register 

Serial Comm. Status Reg. Bits 4 & 5 only 

15 

Serial Comm. Control Register 

Serial Comm. Control Register 

14 

Mode Control Register 

Mode Control Register 

13 

12 

Interrupt Enable Register 

Interrupt Enable Register 

11 

Interrupt Flag Register 

— 

0010 

Read FF 

Clear Int Flag (Bits 0-3 only, Write O’s only) 

04 thru OF 



— 

03 

Port D 

Port D 

02 

Porte 

Port C 

01 

Ports ' 

Port B 

0000 

Port A 

Port A 
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READ TIMING CHARACTERISTICS 

I 1 MHz ^ 


Signal 

Symbol 

Min. 

Max. 

Min. 

Max. 

OE and CE setup time from CPU 

Toes 

— 

225 

— 

140 

Address setup time from CPU 

Tads 

— 

150 

— 

75 

Memory read access time 

Tacc 

— 

700 

— 

315 

Data set up time 

Tdsu 

50 

— 

35 

— 

Data hold time— Read 

Thr 

10 

— 

10 

— 

Address hold time 

Tha 

30 

— 

30 

— 

OE and CE hold time 

Thoe 

30 

— 

30 

— 

Cycle Time 

Tcyc 

1.0 

10.0 

0.5 

10.0 


READ TIMING WAVEFORMS 



ADDRESS FROM 
CPU 


DATA FROM - 
MEMORY 



IHli 

Tha - 


— ^ 

>> 

oco 

oid 


ABBREVIATED MODE 
MEMORY MAP 


MULTIPLEXED MODE 
MEMORY MAP 


ppp£ IKUVtUIUM 

PPPC RES VECTOR 

pppA NMI VECTOR 

ROM (3K) 

F400 

EXTENDED ROM (1K)* 


FFFC RES VECTOR 


F400 

FOOD extended ROM (IK)* 


3FFF 

(/) ° 


PERIPHERAL DEVICES 
(64) 

ABBR ADDR MODE 


INTERNAL RAM (192) 


I/O PORTS E, F, G 
(R6500/12Q ONLY) 


EXTERNAL MEMORY 
(16384-256) 

MUX’D ADDR MODE 


INTERNAL RAM (192) 
RESERVED 
I/O & REGISTERS 


INTERNAL 

REGISTERS 


I/O PORTS E, F, G 
(R6500/12Q ONLY) 


I/O PORTS A, B, C, D 


‘NOT AVAILABLE FOR MASKED ROM R6500/11. 







R65/11EB and R65/11EAB Backpack Emulator 

ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0V ± 5%, Vss = 0, Ta = 0°C to 70°C, unless otherwise stated) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Test Conditions 

Input High Threshold Voltage 

D0-D7 

VlHT 

-I- 2.0 





Vdc 


Input Low Threshold Voltage 

D0-D7 

V|LT 





+ 0.8 

Vdc 


Three-State (Off State) Input Current 

D0-D7 

•tsi 





±10 

/.A 

Vcc = 5.25V 

V|n = 0.4V to 2.4V 

Output High Voltage 

D0-D7, A0-A11, OE,^ 

VOH 

+ 2.4 





Vdc 

Vcc = 4.75V 
'lOAD= 100;iA 

Output Low Voltage 

D0-D7, A0-A1 1 OE, ^ 

VoL 





+ 0.4 

Vdc 

Vcc = 4.75V 

Load = ^ .6mA 

Power Dissipation (less EPROM) 

Pd 

- 

0.80 

1.20 

W 


Output Capacitance (High Impendence State) 
D0-D7 

^OUT 

— 

— 

10 

PF 

Ta = 25°C 

V,N = 0V 
f=1 MHz 

Input Capacitance 

C|N 

— 

— 

10 

PF 

I/O Port Pull-up Resistance 

Rl 

3.0 

6.0 

11.5 

kohm 



40 



40-Pln Backpack Package 
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SECTION 1 
INTRODUCTION 


SUMMARY 


FEATURES 


The Rockwell R6501 is a complete, high performance 8-bit 
NMOS-3 microcomputer on a single chip and is compatible 
with all members of the R6500 family. 

The R6501 consists of an enhanced 6502 CPU, an internal 
clock oscillator, 192 bytes of Random Access Memory (RAM), 
and versatile interface circuitry. The interface circuitry includes 
two-16-bit programmable timer/counters, 32 bidirectional 
input/output lines (including four edge-sensitive lines and input 
latching on one 8-bit port), a full-duplex serial I/O channel, ten 
interrupts, and bus expandability. 

The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of com- 
putational power. These features make the R6501 a leading 
candidate for microcomputer application. 

Rockwell supports development of the R6501 with the Low Cost 
Emulator (LCE) Development System and the R6500/* Family 
of Personality Modules. Complete in-circuit emulation with the 
R6500/* Family of Personality Modules allows total system test 
and evaluation. 

This product description assumes that the reader is familiar 
with the R6502 CPU hardware and programming capabilities. 
A detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual (Docu- 
ment Order No. 201). A description of the instruction capabili- 
ties of the R6502 CPU is contained in the R6500 Microcom- 
puter System Programming Manual (Document Order No. 202). 

ORDERING INFORMATION 


Part Number: 
R6501 



Temperature Range (Ti_ to Th): 
No Letter = 0®C to 70®C 
(Commercial) 

E = -40°Cto +85°C 
(Industrial) 

Package 

J = 68-Pin Plastic Leaded 
Chip Carrier (PLCC) 

Q = 64-Pin Plastic QUIP 

Frequency 

No Letter = 1 MHz Operation 
A = 2 MHz Operation 


Enhanced 6502 CPU 

—Four new bit manipulation instructions 

• Set Memory Bit (SMB) 

• Reset Memory Bit (RMB) 

® Branch on Bit Set (BBS) 

• Branch on Bit Reset (BBR) 

—Decimal and binary arithmetic modes 
—13 addressing modes 

—True indexing 

192-byte static RAM 

32 bidirectional, TTL-compatible I/O lines (four ports) 
—One 8-bit port may be tri-stated under software control 
—One 8-blt port may have latched inputs under software 
control 

—Internal pull-up resistors on parts PA, PB, and PC 

Two 16-bit programmable counter/timers, with latches 

—Pulse width measurement 

—Asymmetrical pulse generation 

— Pulse generation 

—Interval timer 

—Event counter 

— Retriggerable interval timer 

Serial port 

—Full-duplex asynchronous operation mode 
—Selectable 5- to 8-bit characters 
—Wake-up feature 
—Synchronous shift register mode 
—Standard programmable bit rates programmable up to 
62.5K bits/sec @ 1 MHz 

Ten interrupts 

—Four edge-sensitive lines; two positive, two negative 

—Reset and non-maskable interrupt 

—Two counter underflows 

—Serial data received and serial data transmitted 

Bus expandable to 64K bytes of external memory 
Flexible clock circuitry 

—2 MHz (R6501A) or 1 MHz (R6501) internal operation 
—Crystal or clock input 

1 /xs minimum instruction execution time at 2 MHz 
Single +5V power supply 

12 mW stand-by power for 32 bytes of the 192-byte RAM 
Available in 64-pin plastic QUIP and 68-pin PLCC packages 


Document No. 29651N48 


Product Description 


Order No. 2145 
Rev. 4, June 1987 
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Figure 2-2. R6501 Pin Assignments 
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Table 2-1 . R6501 Pin Descriptions 




Pin No. 


Signal Name 

I/O 

64-Pin QUIP 

68-Pin PLCC 

Description 

Vcc 

I 

21 

22 

POWER. Main power supply. +5V. 

Vrr 

I 

43 

46 

RAM RETENTION POWER. Separate power pin for RAM. In the event that Vcc power 
is off, this power retains RAM data, -f- 5V. 

Vss 


44 

48 

GROUND. Signal and power ground (OV). 

XTLI 

' 

42 

45 

CRYSTAL IN. Crystal or clock input for internal clock oscillator. Allows input of XI clock 
signal if XTLO is connected to Vss, or of X4 (R6501) or X2 (R6501 A) clock if XTLO is 
floated. 

XTLO 

0 

41 

44 

CRYSTAL OUT. Crystal output from internal clock oscillator. 


I 

6 

7 

RESET. The Reset input is used to initialize the device. This signal must not transition 
from low to high for at least eight cycles after Vcc reaches operating range and the 
internal oscillator has stabilized. 

02 

0 

45 

49 

PHASE 2 CLOCK. Clock signal output at internal frequency. 

Mi 

I 

23 

25 

NON-MASKABLE INTERRUPT. A negative going edge on the Non-Maskable Inter- 
rupt signal requests that a non-maskable interrupt be generated with the CPU. 

PA0-PA7 

I/O 

39-32 

42-35 

PORT A. General purpose I/O Port A. 

PB0-PB7 

I/O 

31-24 

34-30, 28-26 

PORT B. General purpose I/O Port B. 

PC0-PC7 

I/O 

54-61 

58-65 

PORT C. General purpose I/O Port C. 

PD0-PD7 

I/O 

62-64, 1-5 

66, 67, 1-6 

PORT D. General purpose I/O Port D. 

Four 8-bit ports used for either input/output. Each line of Ports A, B and C consists of 
an active transistor to Vss and a passive pull-up to Vcc- Port D functions as either an 
8-bit input or an 8-bit output port. It has active pull-up and pull-down transistors. 

A0-A12, A15 

0 

20-8,7 

21-9, 8 

ADDRESS LINES. Fourteen address lines used to address a complete 65K external 
address space. Note; A1 3 and A1 4 are sourced through PC6 and PC7 when in the Full 
Address Mode. 

DB0-DB7 

I/O 

53-46 

57-50 

DATA LINES. Eight bidirectional data bus lines used to transmit data to and from exter- 
nal memory. 

SYNC 

0 

22 

24 

SYNC. SYNC is a positive going signal for the full clock cycle whenever the CPU is per- 
forming an OP CODE fetch. 

R/W 

0 

40 

43 

READ/WRITE. Controls the direction of data transfer between the CPU and the exter- 
nal 65K address space. The signal is high when reading and low when writing. 
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SECTION 3 

SYSTEM ARCHITECTURE 


This section provides a functional description of the R6501. 
Functionally the R6501 consists of a CPU, RAM, four 8-bit 
parallel I/O ports, a serial I/O port, dual counter/latch circuits, 
a mode control register, and an interrupt flag/enable dual 
register circuit, a block diagram of the system is shown in 
Figure 3-1. 


NOTE 

Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU LOGIC 

The R6501 internal CPU is a standard 6502 configuration with 
an 8-bit Accumulator register, two 8-bit Index Registers (X and 
Y); an 8-bit Stack Pointer register, an ALU, a 16-bit Program 
Counter, and standard instruction register/decode and internal 
timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.1.2 Index Registers 

There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address — the sum of 
the program counter contents and the index register contents. 

When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 

The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of a memory 


location is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1 . The Stack Pointer is then placed on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 

The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 

3.1.4 Arithmetic And Logic Unit (ALU) 

All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.5 Program Counter 

The 1 6-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 

3.1.6 Instruction Register and Instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 

3.1.7 Timing Control 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. I 
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3.1.8 Interrupt Logic 

Inter rupt logic cont rols the sequencing of three interrupts; RES, 
NMI and IRQ. IRQ is generated by any one of eight conditions; 
2 Counter Overflows, 2 Positive Edge Detects, 2 Negative Edge 
Detects, and 2 Serial Port Conditions. 

3.2 NEW INSTRUCTIONS 

In addition to the standard R6502 instruction set, four new bit 
manipulation instructions have been added to the R6501. The 
added instructions and their format are explained in the follow- 
ing paragraphs. Refer to Appendix A for the Op Code 
mnemonic addressing matrix for these added instructions. The 
four added instructions do not impact the CPU processor status 
register. 

3.2.1 Set Memory Bit SMB m, Addr.) 

This instruction sets to “1” one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and one of eight 
bits to be set. The second byte of the instruction designates 
address (0-255) of the byte to be operated upon. 

3.2.2 Reset Memory Bit (RMB m, Addr.) 

This instruction is the same operation and format as SMB 
instruction except a reset to “0” of the bit results. 

3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
BEST) 

This instruction tests one of eight bits designated by a 3-bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to be 
tested within the zero page address range (memory or I/O 
ports). The third byte of the instruction is used to specify the 
8-bit relative address to which the instruction branches if the 
bit tested is a “1”. If the bit tested is not set, the next sequential 
instruction is executed. 

3.2.4 Branch On Bit Reset Relative (BBR m, 

Addr, DEBT) 

This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested is 
a “0”. 

3.3 READ-ONLY-MEMORY (ROM) 

The R6501 has no ROM and its Reset vector is at FFFC. 

3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 192 bytes of read/write memory with an 
assigned page zero address of 0040 through OOFF. The R6501 
provides a separate power pin (Vrr) which may be used for 
standby power for 32 bytes located at 0040-005F. In the event 
of the loss of Vcc power, the lowest 32 bytes of RAM data will 
be retained if standby power is supplied to the Vrr pin. If the 
RAM data retention is not required then Vrr must be con- 
nected to Vcc- During operation Vrr must be at the Vcc level. 


For the RAM to retain data upon l oss of Vcc. Vrr must be sup- 
plied within operating range and RES must be driven low at 
least e ight 0 2 clock pulses before Vcc falls out of operating 
range. RES must then be held low while Vcc is out of operat- 
ing range and until at least eight 02 clock cycles after Vcc 'S 
again within operating range and the internal 02 oscillator is 
stabilized. Vrr must remain within Vcc operating range during 
normal operation. When Vcc is out of operating range, Vrr 
must remain within the Vrr retention range in order to retain 
data. Figure 3.2 shows typical waveforms. 



Figure 3-2. Data Retention Timing 


3.5 CLOCK OSCILLATOR 

The R6501 has been configured for a crystal oscillator, a count- 
down network, and for Master Mode Operation. 

A reference frequency can be generated with the on-chip oscil- 
lator using either an external crystal or an external oscillator. 
The oscillator reference frequency passes through an internal 
countdown network to obtain the internal operating frequency. 

The on-chip oscillator is designed for a parallel resonant crys- 
tal connected between XTLI and XTLO pins. The equivalent 
oscillator circuit is shown in Figure 3-3a. 

A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator operation , 
the load capacitance (Cl), series resistance (Rs) and the crys- 
tal resonant frequency (F) must meet the following two relations; 

(C -f 27) = 2Cl or C = 2Cl - 27 pF 


where; F is in MHz; C and Cl are in pF; R is in ohms. 

To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer’s catalog. 
Next, calculate Rsmax based on F and Cl. The selected crys- 
tal must have a Rs less than the Rsmax- 

For example, if Cl = 22 pF for a 4 MHz parallel resonant crys- 
tal, then 

C = (2x22) - 27 = 17 pF (use standard value of 18 pF) 
The series resistance of the crystal must be less than 

2 X 10® 

Rsmax = = 258 ohms 

(4x22)2 
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Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3b shows typical 
connections. If XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO 
is tied to Vss, the internal countdown network is bypassed 
causing the chip to operate at the frequency of the external 
source. 



Figure 3-3. Clock Oscillator input Options 


3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains control bits for the mul- 
tifunction I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the R6501 in any application. Initial- 
izing this register is one of the first actions of any software 
program. The Mode control Register bit assignment is shown 
in Figure 3-4. 


simultaneous interrupts cause the IRQ interrupt request to 
remain active until all interrupting conditions have been 
serviced and cleared. 

The Interrupt Flag Register contains the information that 
Indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address; 001 1 . Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 

0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 

001 1 . In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual lER bits 
may be cle ared by writing a "0" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-5 and the functions of each bit are explained in 
Table 3-1. 



Figure 3-4. Mode Control Register 


3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (lER) 

An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (lER). Multiple 


The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port B Latch Enable is shown in Section 4.4 
The use of Port D in Tri-State Enable is shown in Section 4.6. 
The use of Bus Mode Select is shown in Section 4.5 and 4.6. 
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Flag 


Figure 3-5. Interrupt Enable and Flag Registers 

3.8 PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, shown in Figure 3-6, 
contains seven status flags. Some of these flags are controlled 
by the user program; others may be controlled both by the 
user’s program and the CPU. The R6502 instruction set con- 
tains a number of conditional branch instructions which are 
designed to allow testing of these flags. Each of the eight 
processor status flags is described in the following sections. 

3.8.1 Carry Bit (C) 

The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry 
occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 



NOTES 

(T) Not initialized by RES 
0 Set to Logic 1 by RES 


CARRY (C)0 

1 = Carry Set 

0 = Carry Clear 

ZERO (Z)0 

1 = Zero Result 

0 : Non-Zero Result 

INTERRUPT DISABLE (1)0 

1 = IRQ Interrupt Disabled 

0 = IRQ Interrupt Enabled 

DECIMAL MODE(D)0 

1 = Decimal Mode 

0 :: Binary Mode 

BREAK COMMAND (B)0 

1 _ Break Command 

0 - Non Break Command 

OVERFLOW (0)0 

1 = Overflow Set 

0 r Overflow Clear 

NEGATIVE (N)0 

1 r Negative Value 
Or Postive Value 


Figure 3-6. Processor Status Register 


Table 3-1. Interrupt Flag Register Bit Codes 


Bit 

Code 

Function 

IFR 0: 

PAO Positive Edge Detect Flag — Set to a "1" when a positive going edge is detected on PAO. 

Cleared by RMB 0 (0010) instruction or by RES. 

IFR 1: 

PA1 Positive Edge Detect Flag — Set to a 1 when a positive going edge is detected on PA1 . 

Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2: 

PA2 Negative Edge Detect Flag — Set to a 1 when a negative going edge is detected on PA2. 

Cleared by RMB 2 (0010) instruction or by RES. 

IFR 3: 

PA3 Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on PA3. 

Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: 

Counter A Underflow Flag— Set to a 1 when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001 A, or by RES. 

IFR 5; 

Counter B Underflow Flag — Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001 C, by writing to address location 001 E, or by RES. 

IFR 6: 

Receiver Interrupt Flag — Set to a 1 when any of the Serial Communication Status Register bits 

0 through 3 is set to a 1 . Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 

RES. 

IFR 7; 

Transmitter Interrupt Flag — Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a 0 or SCSR 

7 is set to a 1 . Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8.2 Zero Bit (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 
zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions: ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC. DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 

3.8.3 interrupt Disable Bit (I) 

The Interrupt Disable Bit_[0 is used to control the servicing 
of a n int errupt request (IRQ). If the I Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1 , the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to l ogic 1 if a RESET (RES), IRQ, or Non-Mask- 
able Interrupt (NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the I bit. 

3.8.4 Decimal Mode Bit (D) 

The Decimal Mode Bit (D) is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit cleared to logic 0, 
the adder operates as a staight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction clears it. The PLP and RTI instruc- 
tions also affect the Decimal Mode Bit. 


CAUTION 

The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 


3.8.5 Break Bit (B) 

The Break Bit (B) is used to determine the con dition which 
caused the IRQ service routine to be entered. If the IRQ service 
routine was entered because the CPU execu ted a BRK com- 
mand, the Break Bit will b eset to logic 1 . If the IRQ routine was 
entered as the result of an IRQ signal being generated, the B bit 
will be cleared to logic 0. There are no instructions which can 
set or clear this bit. 

3.8.6 Overflow Bit (V) 

The Qverflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 ^ n ^ 127). 
This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Qverflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or -128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Qverflow (CLV) instruction. 

The Qverflow Bit may also be used with the BIT instruction. 
The BIT instruction — which may be used to sample interface 
devices — allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. During a BIT instruction the Qver- 
flow Bit is set equal to the content of the bit 6 on the data 
tested with BIT instruction. When used in this mode, the 
overflow has nothing to do with signed arithmetic, but is just 
another sense bit for the microprocessor. Instructions affecting 
the V flag are ADC, BIT, CLV, PLP, RTI and SBC. 

3.8.7 Negative Bit (N) 

The Negative Bit (N) is used to indicate that the sign bit 
(bit 7) in the resulting value of a data movement or data arith- 
metic operation is set to logic 1 . If the sign bit is set to logic 1 , 
the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EQR, 
INC, INX, INY, LDA, LDX, LDY, LSR, QRA, PLA, PLP, RQL, 
RQR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 

PARALLEL INPUT/OUTPUT PORTS 
& BUS MODES 


The devices have 32 I/O lines grouped into four 8-bit ports 
(PA, PB, PC, and PD). Ports A through C may be used either 
for input or output individually or In groups of any combination. 
Port D may be used as all inputs or all outputs. 

Multifunction I/O’s such as Port A and Port C are protected 
from normal port I/O instructions when they are programmed 
to perform a multiplexed function. 

Internal pull-up resistors (FET’s with an impedance range of 
3K ^ Rl ^ 12K ohm) are provided on all port pins except 
Port D. 

The direction of the 32 I/O lines is controlled by four 8-bit port 
registers located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page address 
instructions. There are no direction registers associated with 
the I/O ports, thus simplifying I/O handling. The I/O addresses 
are shown in Table 4-1. Appendix E.4 shows the I/O Port Timing. 


Table 4-1. I/O Port Addresses 


Port 

Address 

A 

0000 

B 

0001 

C 

0002 

D 

0003 


4.1 INPUTS 

Inputs for Ports A, B, and C are enabled by loading logic 1 
Into all I/O port register bit positions that are to correspond 
to I/O input lines. A low (<0.8V) input signal will cause a logic 
0 to be read when a read instruction is issued to the port 
regi ster. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all I/O port registers to logic 1 thus 
initially treating all I/O lines as inputs. 


Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register {MCR5) 
to a "0". 

The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 

Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD. During the Read cycle of a 
Read/Modify/Write instruction the Port I/O register is read. 
For all other read instructions the port input lines are read. 
Read/Modify/Write instructions are: ASL, DEC, INC, LSR, 
RMB, ROL, ROR, and SMB. 


4.2 OUTPUTS 

Outputs for Ports A thru D are controlled by writing the 
desired I/O line output states into the corresponding I/O port 
register bit positions. A logic 1 will force a high (>2.4V) 
output while a logic 0 will force a low (<0.4V) output. 

Port D all outputs is selected by setting MCR5 to a "1". 


4.3 Port A (PA) 

Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter I/O lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 

In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit In the IFR and generate an 
Interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the ^2 clock rate. Edge detection timing is shown in Ap- 
pendix E.3. 
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Table 4-2. Port A Control and Usage 


PAO (2) 

PAO I/O 

PORT B LATCH MODE 


MCR4 = 0 

MCR4 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PAO 

I/O 

PORT B 

LATCH STROBE 

INPUT (1) 

I 




PA1 (2) 

PA2 (3) 

PA3 (3) 

PA1-PA3 I/O 

SIGNAL 



NAME 

PA1 

PA2 

PA3 

TYPE 

I/O 

I/O 

I/O 


1 


PA4 

PA4 I/O 

1 COUNTER A I/O | 

MCRO = 0 

MCR1 = 0 

SCCR7 = 0 

RCVR S/R MODE = 0 
(4) (5) 

MCRO = 1 

MCR1 = 0 

SCCR7 = 0 

RCVR S/R MODE = 0 
(4) 

SCCR7 = 0 

SCCR6 = 0 

MCR1 = 1 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PA4 

I/O 

CNTA 

OUTPUT 

CNTA 

INPUT (1) 

serial I/O SHIFT REGISTER CLOCK | 

SCCR7 = 1 

SCCR5 = 1 

RCVR S/R MODE = 1 
(4) 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

XMTR CLOCK 

OUTPUT 

RCVR CLOCK 

INPUT (1) 


PAS 

PAS I/O 

COUNTER B I/O | 

MCR3 = 0 

MCR2 = 0 

MCR3 = 0 

MCR2 = 1 

MCR3 = 1 

MCR2 = X 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PAS 

I/O 

CNTB 

OUTPUT 

CNTB 

INPUT (1) 

1 1 

(1) HARDWARE BUFFER FLOAT 

(2) POSITIVE EDGE DETECT 

(3) NEGATIVE EDGE DETECT 

(4) RCVR S/R MODE = 1 WHEN 
SCCR6 • SCCR5 • SCCR4 = 1 

(5) For the following mode combi- 
nations PA4 is available as an 
Inout Onlv Din: 

PA6 

PA6 I/O 

SERIAL I/O 

XMTR OUTPUT 

SCCR7 = 0 

SCCR7 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PA6 

I/O 

XMTR 

OUTPUT 

SCCR7»SCCR 

3*SCCR5*MCR1 

R6‘SCCR4'MCR1 

R6*SCCR5 

1 

+ SCCR7»SCC 
+ SCCR7*SCC 

PA7 

PA7 I/O 

SERIAL I/O 

RCVR INPUT 

+ SCCR7'SCCR5-SCCR4* 

SCCR6 = 0 

SCCR6 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PA7 

I/O 

RCVR 

INPUT (1) 
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4.4 PORTB(PB) 

Port B can be programmed as an 8-bit, bit-independent I/O port. 
It has a latched input capability which may be enabled or dis- 
abled via the Mode Control Register (MCR). Table 4-3 tabulates 
the control and usage of Port B. An Input Data Strobe signal 
must be provided thru PAO when Port B is programmed to be 
used with latched input option. Input data latch timing for Port B 
is shown in Appendix E.5. 


Table 4-3. Port B Control & Usage 



I/O Mode 

Latch 

Mode 

MCR4 

= 0 

MCR4 = 1 
(2) 



Signal 

Signal 

Pin 

Pin 


Type 



# 

Name 

Name 

(1) 

Name 

Type 

31 

PBO 

PBO 

I/O 

PBO 

INPUT 

30 

PB1 

PB1 

I/O 

PB1 

INPUT 

29 

PB2 

PB2 

I/O 

PB2 

INPUT 

28 

PB3 

PB3 

I/O 

PB3 

INPUT 

27 

PB4 

PB4 

I/O 

PB4 

INPUT 

26 

PBS 

PBS 

I/O 

PBS 

INPUT 

25 

PB6 

PB6 

I/O 

PB6 

INPUT 

24 

PB7 

PB7 

I/O 

PB7 

INPUT 


(1) Resistive Pull-Up, Active Buffer Pull-Down 

(2) Input data is stored in Port B latch by PAO Pulse 


4,5 PORT C (PC) 

Port C can be programmed as an I/O port, as part of the full 
address bus, and, in conjunction with Port D, as an abbreviated 
bus, or as a multiplexed bus. When operating in the Full 
Address Mode PC6 and PC7 serve as A13 and A14 with 
PC0-PC5 operating as normal I/O pins. When used in the 
abbreviated or multiplexed bus m odes, PC0-PC7 function as 
A0-A3, A1 2, R/W , A13, and EMS, respectively, as shown In 
Table 4-4. EMS (External Memory Select) is asserted (low) 
whenever the internal processor accesses memory area 
between 0100 a nd 3F FF. (See Memory Map, Appendix B). The 
leading edge of EMS may be used to strobe the eight address 
lines multiplexed on Port D in the Multiplexed Bus Mode. See 
Appendices E.3 through E.5 for Port C timing. 


selected to operate in the Abbreviated Mode PD0-PD7 serves 
as data register bits D0-D7. When Port D is selected to oper- 
ate in the Multiplexed Mode data bits DO through D7 are time 
multiplexed with address bits A4 through All, respectively. 
Refer to the Memory Maps (Appendix C) for Abbreviated and 
Multiplexed memory assignments. See Appendices E.3 
through E.5 for Port D timing. 


4.7 BUS MODES 

A special attribute of Port C and Port D is their capability to be 
configured via the Mode Control Register (see Section 3.6) into 
four different modes. 

In the Full Address Mode, the separate address and data bus 
are used in conjunction with PC6 and PC7, which automatically 
provide A13 and A14. The remaining ports perform the normal 
I/O function. 

In the I/O Bus Mode all ports serve as I/O. The address and data 
bus are still functional but without A13 and A14. Since the inter- 
nal RAM and registers are in the OOXX location, A15 can be 
used for chip select and A0-A12 used for selecting 8K of exter- 
nal memory. 

In the Abbreviated Bus Mode, the address and data lines can 
be used as in the I/O Bus Mode to emulate the R6500/11. Port C 
and Port D are automatically transformed into an abbreviated 
address bus and control signals (Port C) and a bidirectional 
data bus (Port D). 64 Peripheral addresses can be selected. 
In general usage, these 64 addresses would be distributed to 
several external I/O devices such as R6522 and R6520, etc., 
each of which may contain more than one unique address. 

In the Multiplexed Bus Mode, the operation is similar to the 
Abbreviated Mode except that a full 16K of external addresses 
are provided. Port C provides the lower addresses and control 
signals. Port D multiplexes functions. During the first half of the 
cycle it contains the remaining necessary 8 address bits for 
16K: during the second half of the cycle it contains a bidirec- 
tional data bus. The address bits appearing on Port D must be 
latch ed into an external holding register. The leading edge of 
EMS which indicates that the bus function is active, may be 
used for this purpose. 


4,6 PORT D (PD) 

Port D can be programmed as an I/O Port, an 8-bit tri-state data 
bus, or as a multiplexed bus. Mode selection for Port D is made 
by the Mode Control Register (MCR). The Port D output drivers 
can be selected as tri-state drivers by setting bit 5 of the MCR 
to 1 (one). Table 4-5 shows the necessary settings for the MCR 
to achieve the various modes for Port D. When Port D is 


MCR5 must be a logic 1 in the Abbreviated and Multiplexed 
Bus Modes. 

Figures 4-1a through 4-1d show the possible configurations of 
the four bus modes. Figure 4-2 shows a memory map of the 
part as a function of the Bus Mode and further shows which 
adddresses are active or inactive on each of the three possi- 
ble buses. 
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Table 4-4. Port C Control & Usage 



Full Address 

Mode 

Normal Mode 

Abbreviated 

Mode 

Multiplexed 

Mode 


MCR7 = 0 

MCR7 

= 0 

MCR7 = 1 

MCR7 = 1 


MCR6 = 0 

MCR6 

= 1 

MCR6 = 0 

MCR6 = 1 


Signal 

Signal 

Signal 

Signal 

Pin 




Type 

Type 


Type 


Name 

Name 

Type 

Name 

(1) 

Name 

(2) 

Name 

(2) 

PCO 

PCO 

I/O (1) 

PCO 

I/O 

AO 

OUTPUT 

AO 

OUTPUT 

PC1 

PC1 

I/O (1) 

PCI 

I/O 

A1 

OUTPUT 

A1 

OUTPUT 

PC2 

PC2 

I/O (1) 

PC2 

I/O 

A2 

OUTPUT 

A2 

OUTPUT 

PC3 

PC3 

1/0(1) 

PC3 

I/O 

A3 

OUTPUT 

A3 

OUTPUT 

PC4 

PC4 

I/O (1) 

PC4 

I/O 

A12 

OUTPUT 

A12 

OUTPUT 

PCS 

PCS 

I/O (1) 

PCS 

I/O 

RW 

OUTPUT 

RW 

OUTPUT 

PCS 

A13 

OUTPUT (2) 

PCS 

I/O 

A13 

OUTPUT 

A13 

OUTPUT 

PC7 

A14 

OUTPUT (2) 

PC7 

I/O 

EMS 

OUTPUT 

EMS 

OUTPUT 


(1) Resistive Pull-Up, Active Buffer Pull-Down 

(2) Active Buffer Pull-Up and Pull-Down 


Table 4-5. Port D Control & Usage 



Normal Mode 

Abbreviated 

Mode 

Multiplexed Mode 


MCR7 = 0 

MCR7 = 0 

MCR7 

= 1 


MCR7 = 1 



MCR6 = X 

MCR6 = X 

MCR6 

= 0 


MCR6 = 1 



MCR5 = 0 

MCR5 = 1 

MCR5 

= 1 


MCR5 = 1 



Signal 

Signal 

Signal 

Signal S 

ignai 

Pin 

Type 


Type 


Type 

02 Low 02 

High 

Name 

Name (1) 

Name 

(2) 

Name 

(3) 

Name 

Type (2) Name 

Type (3) 

PDO 

PDO INPUT 

PDO 

OUTPUT 

DATAO 

I/O 

A4 

OUTPUT DATAO 

I/O 

PD1 

PD1 INPUT 

PD1 

OUTPUT 

DATA1 

I/O 

AS 

OUTPUT DATA1 

I/O 

PD2 

PD2 INPUT 

PD2 

OUTPUT 

DATA2 

I/O 

A6 

OUTPUT DATA2 

I/O 

PD3 

PD3 INPUT 

PD3 

OUTPUT 

DATA3 

1/0 

A7 

OUTPUT DATA3 

I/O 

PD4 

PD4 INPUT 

PD4 

OUTPUT 

DATA4 

I/O 

A8 

OUTPUT DATA4 

I/O 

PDS 

PDS INPUT 

PDS 

OUTPUT 

DATAS 

I/O 

A9 

OUTPUT DATAS 

I/O 

PD6 

PD6 INPUT 

PD6 

OUTPUT 

DATA6 

I/O 

A10 

OUTPUT DATA6 

I/O 

PD7 

PD7 INPUT 

PD7 

OUTPUT 

DATA7 

I/O 

All 

OUTPUT DATA7 

I/O 


(1) Tri-State Buffer is in High Impedance Mode 

(2) Tri-State Buffer is in Active Mode 

(3) Tri-State Buffer is in Active Mode only during the phase 2 portion of a Write Cycle 
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Figure 4-2. R6501 Memory Map 
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SECTION 5 

SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Serial I/O channel with pro- 
grammable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1 . The serial bit rate is determined by Counter A for 
all modes except the Receiver Shift Register (RCVR S/R) 
mode for which an external shift clock must be provided. The 
maximum data rate using the internal clock is 62.5K bits per 
second (at 02 = 1 MHZ). The transmitter (XMTR) and receiver 
(RCVR) can be independently programmed to operate in 
different modes and can be independently enabled or 
disabled. 


□ 

□ 

□ 

□ 

□ 

M 

□ 

□ 


SCCR 


Addr 

0015 


O'^-Odd Parity 
1~Even Parity 


0 Parity Disabie 
I I 1 Parity Enable 
0 0~8 Bits/Char 

0 1~7 Bits/Char 

1 6 Bits/Char 

1 1 ~ 5 Bits/Char 


0 0 XMTR & RCVR ASYN Mode 

0 1 XMTR ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 

0 RCVR Disable 

1 RCVR Enable 


0 XMTR Disable 

1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 



In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 


Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 

Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 6.1) 
for a table of hexadecimal values to represent the desired 
data rate. 

5.1 TRANSMITTER OPERATION (XTMR) 

The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 


IFR7 = SCSR6 (SCSR5 + SCSR7) 

5.2 RECEIVER OPERATION (RCVR) 

The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1 ." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals for internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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Figure 5-3. ASYN Receive Data Timing 
In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin aiong with 8 bits of serial data (LSB first) at the 
SI Input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 



Figure 5-4. S/R Mode Timing 

A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 

5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 

SCSR 0: Receiver Data Register Full — Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cle ared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
0 bit will not be set to a logic 1 If the received data 
contains an error condition; instead, a corre- 
sponding error bit will be set to a logic 1 . 

SCSR 1 : Over-Run Error — Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister with the last character still in the Receiver 
Data Register. This bit is cle ared by reading the 
Receiver Data Register or by RES. 

SCSR 2: Parity Error — Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cl eared 
by reading the Receiver Data Register or by RES. 

SCSR 3: Framing Error — Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Clear ed b y reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 

SCSR 4: Wake-Up — Set to a logic 1 by writing a "1" in bit 
4 of a ddress: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive Ts. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission— Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0 016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR 6: Transmitter Data Register Empty — Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister are transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run — Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of n ew d ata into the Transmitter Shift 
Register or by RES. 



5.4 WAKE-UP FEATURE 

In a multi-distributed microprocessor or microcomputer appli- 
ations, a destination address is usually included at the begin- 
ning of the message. The Wake-Up Feature allows non-selected 
CPU’s to ignore the remainder of the message until the begin- 
ning of the next message by setting the Wake-Up bit. As long 
as the Wake-Up flag is true, the Receiver Data Register Full Flag 
remains false. The Wake-Up bit is automatically cleared when 
the receiver detects a string of eleven consecutive 1 ’s which indi- 
cates an idle transmit line. When the next byte is received, the 
Receiver Data Register Full Flag signals the CPU to wake-up 
and read the received data. 
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The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 1 6-bit latches. Each counter can be independently pro- 


grammed to operate in one ( 

Counter A 

• Pulse width • 

measurement • 

• Pulse Generation 

• Interval Timer • 

• Event Counter • 


)f four modes; 

Counter B 

Retriggerable Interval Counter 
Asymmetrical Pulse 
Generation 
Interval Timer 
Event Counter 


Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value — not FFFF — and the Counter A Underflow Flag (IFR 
4) will be set to "1". This bit may be cleared by reading the 
Lower Counter A a t loca tion 0018, by writing to address lo- 
cation 001 A, or by RES. 

Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 


Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 


MCR1 
(bit 1) 

MCRO 
(bit 0) 

Mode 

0 

0 

Interval Timer 

0 

1 

Pulse Generation 

1 

0 

Event Counter 

1 

1 

Pulse Width Measurement 


6.1 COUNTER A 

Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001 A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 

The 16-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 001 9 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 

Counter A can be started at any time by writing to address: 
001 A. The contents of the accumulator will be copied into the 



The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Timer 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore Ifis to 65^35 
ms at the 1 MHz 02 clock rate or 0.5 (xs to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic IJf the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflo w bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1 . 

6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs or a 
write is performed to address 001 A. 

The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001 A. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 

The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 

Figure 6.2 is a timing diagram of the Event Counter Mode. 



6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 02 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 


The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 



6.1.5 Serial I/O Data Rate Generation 

Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled. Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 

Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 02 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


16 X bps 

where 

N = decimal value to be loaded into Counter A using 
its hexadecimal equivalent. 

02 = the clock frequency (1 MHz or 2 MHz) 

bps = the desired data rate. 


NOTE 

In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 


STANDARD 

BAUD 

RATE 

HEXADECIMAL 

VALUE 

03 

ACTUAL 

BAUD 

RATE AT 

CLOCK RATE 
NEEDED 

TO GET 
STANDARD 
BAUD RATE 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

50 

04E1 

09C3 

50.00 

50.00 

1.0000 

2.0000 

75 

0340 

0682 

75.03 

74.99 

1.0000 

2.0000 

110 

0237 

046F 

110.04 

110.04 

1 .0000 

2.0000 

150 

01A0 

0340 

149.88 

150.06 

1 .0000 

2.0000 

300 

OOCF 

01 AO 

300.48 

299.76 

1 .0000 

2.0000 

600 

0067 

OOCF 

600.96 

600.96 

1 .0000 

2.0000 

1200 

0033 

0067 

1201.92 

1201.92 

1 .0000 

2.0000 

2400 

0019 

0033 

2403.85 

2403.85 

1.0000 

2.0000 

3600 

0010 

0021 

3676.47 

3676.47 

0.9792 

1.9584 

4800 

OOOC 

0019 

4807.69 

4807.69 

1 .0000 

2.0000 

7200 

0008 

0010 

6944.44 

7352.94 

1 .0368 

1.9584 

9600 

0006 

OOOC 

8928.57 

9615.38 

1.0752 

ro 

b 

o 

o 

o 


6.2 COUNTER B 

Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either d2 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a Read 
at location 001 D for the Upper Counter B and at location 
001 E or 001 C for the Lower Counter B. A Read at location 
001 C also clears the Counter B Underflow Flag. 

Latch B contains the counter Initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 
B at location 001 D and the Lower Latch B at location 001 C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 

Counter B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 1 6-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFRS) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at 
locat ion 001 C, by writing to address location 001 E, or by 
RES. 

Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Inten/al 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and MCR3 select the four Counter B 
modes in a similar manner and coding as MCRO and MCR1 
select the modes of Counter A. 


6.2.1 Retriggerable Interval Timer Mode 

When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 



6.2.2 Asymmetrical Pulse Generation Mode 

Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
Initialized with a value corresponding to the desired pulse 
width (referred to as P in the following descriptions). The 
initialization sequence for Latch B and C and the starting of 
a counting sequence are as follows: 

1 . The lower 8 bits of P are loaded into LLB by writing to 
address 001 C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 001 D. At this point both 
Latch B and Latch C contain the value of P. 

2. The lower 8 bits of D are loaded into LLB by writing to 
address 001 C; the upper 8 bits of D are loaded into 
ULB by writing to address location 001 E. Writing to 
address location 001 E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 

3. When Counter B underflow occurs the contents of the 
Latch C are loaded into the Counter B and the CB out- 
put toggles to a high level, staying high until another 
underflow occurs. Latch B is then down-loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 

POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 

After application of Vcc and Vrr power to the device, RES 
must be held low for at least eight 02 clock cycles alter Vcc 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vcc voltage and performance of the internal oscillator. The 
clock can be monitored at 02 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 



mo 

Clock SUblllzailon Tim* — 





Figure 7-1. Power Turn-On Timing Detaii 


7.2 POWER-ON RESET 

When RES goes from low to high, the device sets the In- 
terrupt Mask Bit — bit 2 of the Processor Status Register — 
and initiates a reset vector fetch at address FFFC and FFFD 
to begin user program execution. All of the I/O ports (PA, PB, 
PC, PD) will be forced to the high (logic 1) state. All bits of 
the Control Register will be cleared to logic 0 causing the 
Interval Timers counter mode (mode 00) to be selected and 
all interrupt enabled bits to be reset. 



7.3 RESET (RES) CONDITIONING 

When RES is driven from low to high the device is put in a 
reset state causing the registers and I/O ports to be config- 
ured as shown in Table 7-1. 


Table 7-1. RES Initialization of I/O Ports and Registers 



7 

6 

5 

4 

3 

2 

1 

0 

REGISTERS 









Processor Status 

— 

— 

— 

— 

— 

1 

— 

— 

Mode Control (MCR) 

0 

0 

0 

0 

0 

0 

0 

0 

Int. Enable (lER) 

0 

0 

0 

0 

0 

0 

0 

0 

Int. Flag (IFR) 

0 

0 

0 

0 

0 

0 

0 

0 

Ser. Com. Control (SCCR) 

0 

0 

0 

0 

0 

0 

0 

0 

Ser. Com. Status (SCSR) 

0 

1 

0 

0 

0 

0 

0 

0 

PORTS 









PA Latch 

1 

1 

1 

1 

1 

1 

1 

1 

PB Latch 

1 

1 

1 

1 

1 

1 

1 

1 

PC Latch 

1 

1 

1 

1 

1 

1 

1 

1 

PD Latch 

1 

1 

1 

1 

1 

1 

1 

1 


All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 

Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization routine should be executed to perform (as a 
minimum) the following functions: 

1. The Stack Pointer should be set 

2. Clear or Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls as required 

5. Clear interrupts 

A typical initialization subroutine could be as follows: 

LDX Load stack pointer starting address into 
X Register 

TXS Transfer X Register value to Stack Pointer 

CLD Clear Decimal Mode 

SEC Set Carry Flag 

.... Set-up Mode Control and 

.... special function registers 

.... and clear RAM as required 

CLI Clear Interrupts 
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APPENDIX A 

ENHANCED R6502 INSTRUCTION SET 

This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, (Order 
No. 202). The four instructions notated with a * are added 
instructions to enhance the standard 6502 instruction set. 


A.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE 


Mnemonic 

Description 

Mnemonic 

Description 

ADC 

Add Memory to Accumulator with Carry 

LDA 

Load Accumulator with Memory 

AND 

“AND” Memory with Accumulator 

LDX 

Load Index X with Memory 

ASL 

Shift Left One Bit (Memory or Accumulator) 

LDY 

Load Index Y with Memory 



LSR 

Shift One Bit Right (Memory or Accumulator) 

*BBR 

Branch on Bit Reset Relative 



*BBS 

Branch on Bit Set Relative 

NOP 

No Operation 

BCC 

Branch on Carry Clear 



BCS 

Branch on Carry Set 



BEQ 

Branch on Result Zero 

ORA 

“OR” Memory with Accumulator 

BIT 

Test Bits in Memory with Accumulator 



BMI 

Branch on Result Minus 

PHA 

Push Accumulator on Stack 

BNE 

Branch on Result not Zero 

PHP 

Push Processor Status on Stack 

BPL 

Branch on Result Plus 

PLA 

Pull Accumulator from Stack 

BRK 

Force Break 

PLP 

Pull Processor Status from Stack 

BVC 

Branch on Overflow Clear 



BVS 

Branch on Overflow Set 

*RMB 

Reset Memory Bit 



ROL 

Rotate One Bit Left (Memory or Accumulator) 

CLC 

Clear Carry Flag 

ROR 

Rotate One Bit Right (Memory or Accumulator) 

CLD 

Clear Decimal Mode 

RTI 

Return from Interrupt 

CLI 

Clear Interrupt Disable Bit 

RTS 

Return from Subroutine 

CLV 

Clear Overflow Flag 



CMP 

Compare Memory and Accumulator 



CPX 

Compare Memory and Index X 

SBC 

Subtract Memory from Accumulator with Borrow 

CPY 

Compare Memory and Index Y 

SEC 

SED 

Set Carry Flag 

Set Decimal Mode 

DEC 

Decrement Memory by One 

SEI 

Set Interrupt Disable Status 

DEX 

Decrement Index X by One 

*SMB 

Set Memory Bit 

DEY 

Decrement Index Y by One 

STA 

Store Accumulator in Memory 



STX 

Store Index X in Memory 

EOR 

“Exclusive-Or” Memory with Accumulator 

STY 

Store Index Y in Memory 

INC 

Increment Memory by One 

TAX 

Transfer Accumulator to Index X 

INX 

Increment Index X by One 

TAY 

Transfer Accumulator to Index Y 

INY 

Increment Index Y by One 

TSX 

Transfer Stack Pointer to Index X 



TXA 

Transfer Index X to Accumulator 

JMP 

Jump to New Location 

TXS 

Transfer Index X to Stack Register 

JSR 

Jump to New Location Saving Return Address 

TYA 

Transfer Index Y to Accumulator 
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NOTES 

1 . Add 1 to N if page boundary is crossed 

2. Add 1 to N if branch occurs to same page 
Add 2 to N if branch occurs to different page 

3. Carry not = Borrow 

4. If in decimal mode Z flag is invalid 
accumulator must be checked on zero result. 

5. Effects 8-bit data field of the specified zero page address. 


LEGEND 
X = Index X 

Y = Index Y 

A = Accumulator 

M = Memory per effective address 

Ms = Memory per stack pointer 

Mt, = Selecter zero page memory bit 
M, = Memory Bit 7 


Me = Memory Bit 6 
= Add 
= Subtract 
A = And 

V = Or 

V- = Exclusive Or 

n = Number of cycles 

# = Number of Bytes 
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A.3 INSTRUCTION CODE MATRIX 


BRK ! 

ORA 

Implied 

(IND, X) 

1 7 

2 6 

BPL 

ORA 

Relative 

(IND), Y 

2 2** 

2 5* 

JSR 

AND 

Absolute 

(IND, X) 

3 6 

2 6 

BMI 

AND 

Relative 

(IND, Y) 

2 2** 

2 5* 

RTI 

! EOR 

Implied 

! (IND, X) 

1 6 

2 6 

BVC 

EOR 

Relative 

(IND), Y 

2 2** 

2 5* 

RTS 

ADC 

Implied 

(IND. X) 

1 6 

2 6 

BVS 

ADC 

Relative 

(IND,Y) 

2 2** 

In 

CM 


STA 


(IND, X) 


2 6 

BCC 

STA 

Relative 

(IND, Y) 

2 2** 

2 6 

LDY 

LDA LDX 

IMM 

(IND, X) IMM 

2 2 

2 6 2 2 

BCS 

LDA 

Relative 

(IND), Y 

2 2** 

2 5* 

CPY 

CMP 

IMM 

(IND, X) 

2 2 

2 6 

BNE 

CMP 

Relative 

(IND), Y 

2 2** 

2 5* 

CPX 

SBC 

IMM 

(IND, X) 

2 2 

2 6 

BEQ 

SBC 

Relative 

(IND), Y 

CM 

CM 

2 5* 


5 

6 

7 

8 

ORA 

ASL 

RMBO 

PHP 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 3 

ORA 

ASL 

RMB1 

CLC 

ZP, X 

ZP. X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

AND 

ROL 

RMB2 

PLP 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 4 

AND 

ROL 

RMB3 

SEC 

ZP, X 

ZP, X 

ZP 

Implied 

2 4 

! 2 6 

2 5 

1 2 I 

EOR 

LSR 

RMB4 

PHA i 

ZP 

ZP 

ZP 

Implied i 

2 3 

2 5 

2 5 

1 3 i 

EOR 

LSR 

RMB5 

CLI ! 

ZP, X 

ZP,X 

ZP 

Implied ' 

2 4 

2 6 

2 5 

1 2 i 

ADC 

ROR 

RMB6 

PLA 

ZP 


ZP 

Implied 

CO 

CM 

2 5 

2 5 

1 4 

ADC 

ROR 

RMB7 

SEI 

ZP, X 

ZP. X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

STA 

STX 

SMBO 

DEY 

ZP 

“ ZP 

ZP 

Implied 

2 3 

CO 

CM 

2 5 

1 2 

STA 

STX 

SMB1 

TYA 

ZP. X 

' ZP. Y 

ZP 

Implied 

2 4 

2 4 

2 5 

1 2 

LDA 

LDX 

SMB2 

TAY 

ZP 

ZP 

ZP 

Implied 

CO 

CM 

2 3 

2 5 

1 2 

LDA 

LDX 

SMB3 

CLV 

ZP, X 

ZP. Y 

ZP 

Implied 

2 4 

2 4 

2 5 

1 2 

CMP 

DEC 

SMB4 

INY 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 2 

CMP 

DEC 

SMBS 

CLD 

ZP. X 

ZP.X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

SBC 

INC 

SMB6 

INX 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 2 

SBC 

INC 

SMB7 

SED 

ZP. X 

ZP.X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

5 

6 

7 

8 


ORA 

IMM 

2 2 

ASL 

Accum 

1 2 



ORA 
ABS, Y 

3 4* 




AND 

IMM 

2 2 

ROL 

Accum 

1 2 


BIT 

ABS 

3 4 

AND 
ABS, Y 

3 4* 




EOR 

IMM 

2 2 

LSp 

Accum 

1 2 


JMP 

ABS 

3 3 

EOR 
ABS, Y 

3 4* 




ADC 

IMM 

2 2 

ROR 

Accum 

1 2 


JMP 
Indirect 
3 5 

ADC 
ABS, Y 

3 4* 





TXA 

Implied 

1 2 


STY 

ABS 

3 4 

STA 
ABS, Y 

3 5 

TXS 

Implied 

1 2 



LDA 

IMM 

2 2 

TAX 

Implied 

1 2 


LDY 

ABS 

3 4 

LDA 
ABS, Y 

3 4* 

TSX 

Implied 

1 2 


LDY 
ABS, X 
3 4* 

CMP 

IMM 

2 2 

DEX 

Implied 

1 2 


CPY 

ABS 

3 4 

CMP 
ABS. Y 

3 4* 




SBC 

IMM 

2 2 

NOP 

Implied 

1 2 


CPX 

ABS 

3 4 

SBC 
ABS, Y 

3 4* 





ORA ASL 
ABS ABS 
3 4 3 6 

ORA ASL 
ABS, X ABS, X 
3 4* 3 7 


AND ROL 
ABS, X ABS, X 
3 4* 3 7 


EOR LSR 

ABS, X ABS, X 
3 4* 3 7 

ADC ROR 

ABS ABS 

3 4 3 6 

ADC ROR 

ABS, X ABS, X 
3 4* 3 7 


ABS ABS 
3 4 3 4 


CMP DEC 
ABS ABS 
3 4 3 6 

CMP DEC 
ABS, X ABS, X 
3 4* 3 7 


SBC INC 
ABS, X ABS, X 
3 4* 3 7 


Implied — Addressing Mode 
1 7 — Instruction Bytes; Machine Cycles 


*Add 1 to N if page boundary is crossed. 
‘*Add 1 to N if branch occurs to same page; 
add 2 to N If branch occurs to different page. 
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APPENDIX B 

KEY REGISTER SUMMARY 


7 0 




1 

A 

1 ACCUMULATOR 

A 



7 


0 




1 

Y 

1 INDEX REGISTER Y 

Y 



7 


0 




1 

X 

1 INDEX REGISTER X 

X 

15 


7 


0 


LZ 

PCH 

1 

PCL 

1 PROGRAM COUNTER 

PC 



7 


0 




m 

SP 

1 STACK POINTER 

S 



7 


0 




|n| y| 

|a 1 D 1 ' 

1 2 1 C 1 PROCESSOR STATUS REG 

P 


CPU Registers 


MCR 7 6 


Bus Mode Select 


5|4|3|2|l |°| Addr0014 

I I I CourvterA 

Counter B Mode Select 

Mode Select 0 0 Interval Timer 

0 1 Pulse Generation 

1 0 Event Counter 

1 1 Pulse Width Meas. 

0 0 Interval Timer 

0 1 Asymmetric Pulse Generation 

1 0 Event Counter 

1 1 Retriggerable Interval Timer 

Port B Latch 
(1— Enable) 

Port D Tri-State 

(0— Tri-State High impedance Mode) 


0 0 Full Address 

0 1 Normal 

1 0 Abbr. Bus 

1 1 Mux'd Bus 


Mode Control Register 


7 6 5 4 3 2 1 0 



Processor Status Register 



Interrupt Enable and Flag Registers 


1 SCSR 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

0~Odd Parity 

1 1 



L-r-l 




L-r-J 


1 


1~Even Parity 

0 Parity Disable 

1 Parity Enable 
0~8 Bits/Char 

1 ~7 Bits/Char 
0~6 Bits/Char 
1 ~ 5 Bits/Char 


0 0 XMTR & RCVR ASYN Mode 

0 1 XMTR ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 

0 RCVR Disable 

1 RCVR Enable 

0 XMTR Disable 

1 XMTR Enable 


RCVR Over-Run 
L Parity Error 
Frame Error 
Wake-Up 

End of Transmission 
XMTR Data Reg Empty 
XMTR Under-Run 


Serial Communications Control Register 
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APPENDIX C 

ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


C.1 I/O AND INTERNAL REGISTER ADDRESSES 


ADDRESS 



(HEX) 

READ 

WRITE 

001 F 

— 

— 

IE 

Lower Counter B 

Upper Latch B, Cntr B<-Latch B, CLR Flag 

ID 

Upper Counter B 

Upper Latch B, Latch C<-Latch B 

1C 

Lower Counter B, CLR Flag 

Lower Latch B. 

IB 

1A 

Lower Counter A 

Upper Latch A, Cntr A<— Latch A, CLR Flag 

19 

Upper Counter A 

Upper Latch A 

18 

Lower Counter A, CLR Flag 

Lower Latch A 

17 

Serial Receiver Data Register 

Serial Transmitter Data Register 

16 

Serial Comm, Status Register 

Serial Comm. Status Reg. Bits 4 & 5 only 

15 

Serial Comm. Control Register 

Serial Comm. Control Register 

14 

Mode Control Register 

Mode Control Register 

13 

12 

Interrupt Enable Register 

Interrupt Enable Register 

11 

Interrupt Flag Register 

— 

0010 

Read FF 

Clear Int Flag (Bits 0-3 only, Write O’s only) 

OF 




OE 

OD 

OC 

RESERVED 

These addresses are reserved and are used by the CPU during Read and Write 
operation over the external Data Bus (D0-D7). 


07 

06 

05 

04 

03 Port D 

02 Port C 

01 Ports 

0000 Port A 


Port D 
Porte 
Port B 
Port A 


OB 

OA 

09 

08 
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C.2 FULL ADDRESS MODE MEMORY MAP— R6501 



C.3 MULTIPLE FUNCTION PIN ASSIGNMENTS— PORT C AND PORT D 
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APPENDIX D 

ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc & Vrr 

-0.3 to +7.0 

Vdc 

Input Voltage 

VlN 

-0.3 to +7.0 

Vdc 

Operating Temperature Range, 
Commercial 

Industrial 

Ta 

TlIoTh 

0 to + 70 
- 40 to + 85 


Storage Temperature Range 

Tstg 

-55 to +150 

°C 


NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vrr = Vcci Vss = OV; Ta = Tl^Tr, unless otherwise specified) 


Parameter 

Symbol 

Min 

Typi 

Max 

Unit 

Test Conditions 

RAM Standby Voltage (Retention Mode) 

Vrr 

3.0 


o< 

o 

V 


RAM Standby Current (Retention Mode) 

Irr 

- 

4 


mA 

Ta = 25®C 

Input High Voltage 

All Except XTLI 

XTLI 

V,H 

+ 2.0 
+ 4.0 

- 

o o 

V 


Input Low Voltage 

V,L 

-0.3 

— 

+ 0.8 

V 


Input Leakage Current 

RES, NMI 

•in 

— 

— 

±10.0 

aA 

V|N = 0 to 5.0V 

Input Low Current 

PA, PB, PC, PD 

IlL 

— 

-1.0 

-1.6 

mA 

V|L = 0.4V 

Output High Voltage (Except XTLO) 

X 

o 

> 

+ 2.4 

- 

o< 

o 

V 

koAD = -^00 fiA 

Output Low Voltage 

VoL 

- 

- 

+ 0.4 

V 

Iload = 1-6 mA 

I/O Port Pull-Up Resistance 

PA0-PA7, PB0-PB7, PC0-PC7 

Rl 

3.0 

6.0 

11.5 

Kohm 


Output Leakage Current (Three-State Off) 

•out 

- 


±10 

aA 


Input Capacitance 

XTLI, XTLO 

All Others 

C|N 

- 

- 

50 

10 

PF 

Ta = 25®C 

V,N = OV 
f = 1.0 MHz 

Output Capacitance (Three-State Off) 

Cqut 



10 

pF 

Ta = 25® C 

V,N = OV 
f = 1.0 MHz 

Power Dissipation (Outputs High) 

Pd 

— 

750 

1100 

mW 

Ta = 0®C 

Notes: 

1. Typical values measured at T^ = 25®C and Vcc = 5.0V. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
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APPENDIX E 

TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES 

1 . Vcc = 5V ±5%, 0°C ^ TA ^ 70°C 

2. A valid Vcc - RES sequence is required before proper 
operation is achieved. 

3. All timing reference levels are 0.8V and 2.0V, unless 
otherwise specified. 

4. All time units are nanoseconds, unless othenvise specified. 

5. All capacitive loading is 130pf maximum, except as noted 
below: 

PA, PB — 50pF maximum 

PC (I/O Modes Only) — 50pF maximum 

PC (ABB and Mux Mode) — 130pF maximum 

PC6, PC7 (Full Address Mode) — 130pF maximum 


E.2 CLOCK TIMING 


SYMBOL 

PARAMETER 

1 MHz 

2 MHz 

MIN 

MAX 

MIN 

MAX 

Tcvc 

Cycle Time 

1000 

10 fjiS 

500 

^0 fJLS 

Tpwxi 

XTLI Input Clock 

Pulse Width 

XTLO = VSS 

500 
± 25 


250 
± 10 


TpW02 

Output Clock Pulse 
Width at Minimum 
Tcyc 

Tpwxi 

"Tpwxi 

± 25 

Tpwxi 

Tpwxi 
± 20 

Tr, Tp 

Output Clock Rise, 

Fall Time 

— 

25 

— 

15 

T|H, T|f 

Input Clock Rise, 

Fall Time 

— 

10 

— 

10 
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E.3 ABBREVIATED MODE TIMING— PC AND PD 

(MCR 5 = 1, MCR 6 = 0, MCR 7 = 1) 



E.3.1 Abbreviated Mode Timing Diagram 
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One-Chip Microprocessor 


E.4 MULTIPLEXED MODE TIMING— PC AND PD 

(MCR 5 = 1, MCR 6 = 1, MCR 7 = 1) 


SYMBOL 

PARAMETER 

1 MHz 

2 MHz 

MIN 

MAX 

MIN 

MAX 

TpcRS 

(PCS) R/W Setup Time 

- 

225 

- 

140 

TpCAS 

(PC0-PC4, PC6) Address Setup Time 

- 

225 

- 

140 

TpBAS 

(PD) Address Setup Time 

- 

225 

- 

140 

TpBSU 

(PD) Data Setup Time 

50 

- 

35 

- 

TpBHR 

(PD) Data Read Hold Time 

10 

- 

10 

- 

T PBHW 

(PD) Data Write Hold Time 

30 

- 

30 

- 

TpBDD 

(PD) Data Output Delay 

- 

175 

- 

150 

TpCHA 

(PC0-PC4, PC6) Address Hold Time 

30 

- 

30 

- 

TpBHA 

(PD) Address Hold Time 

10 

100 

10 

80 

T PCHR 

(PCS) R/W Hold Time 

30 

- 

30 

- 

T PCHV 

(PC7) ^ Hold Time 

10 

- 

10 

- 

T PCVD*^* 

(PC7) Address to EMS Delay Time 

30 


30 


TpcVP 

(PC7) EMS Stabilization Time 

30 

- 

30 

- 

Tesu 

EMS Setup Time 

— 

350 

- 

210 


NOTE 1: Values assume PC0-PC4, PC6 and PC7 have the same capacitive load. 


E.4.1 Multiplex Mode Timing Diagram 
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E.5 I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 


SYMBOL 

PARAMETER 

1 MHz 

2 MHz 

MIN 

MAX 

MIN 

MAX 

W” 

Internal Write to Peripheral Data Valid 

PA, PB, PC TTL 


500 


500 

T 'll 

' CMOS 

PA, PB, PC CMOS 

— 

1000 

— 

1000 

TpDOW 

PD 

— 

175 

— 

150 

TpDSU 

Peripheral Data Setup Time 

PA, PB, PC 

200 


200 


TpDsu 

PD 

50 

— 

50 

— 

TpHR 

Peripheral Data Hold Time 

PA, PB, PC 

75 


75 


TpHR 

PD 

10 

— 

10 

— 

Tepw 

PA0-PA3 Edge Detect Pulse Width 

Tcvc 

- 

Tcyc 

- 

T CPW 

Counters A and B 

PA4, PAS Input Pulse Width 

Tcrc 

1 

Tcyc 


Tcd-'’ 

PA4, PAS Output Delay 

— 

500 

— 

500 

Tpb.w 

Port B Latch Mode 

PAO Strobe Pulse Width 

Tcyc 


Tcyc 


Tplsu 

PB Data Setup Time 

175 

— 

150 

— 

TpBLH 

PB Data Hold Time 

1 30 

— 

30 

— 

Tpow'" 

Serial I/O 

PA6 XMTR TTL 


500 

_ 

500 

Tcmos'" 

PA6 XMTR CMOS 

— 

1000 

— 

1000 

Tcpw 

PA4 RCVR S/R Clock Width 

4Tcvc 

— 

4Tcvc 

— 

TpDw'” 

PA4 XMTR Clock— S/R Mode (TTL) 

— 

500 

— 

500 

Tcmos"’ 

PA4 XMTR Clock— S/R Mode (CMOS) 

- 

1000 

- 

1000 


NOTE 1 : Maximum Load Capacitance: 50pF 
Passive Pull-Up Required 


E.5.1 I/O, Edge Detect, Counter, and Serial I/O Timing 
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E.6 MICROPROCESSOR TIMING (D0-D7, 

A0-A12, A15, SYNC, R/W) 




1 ^ 

IHz 

2 MHz 1 

SYMBOL 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

Trws 

R/W Setup Time 

- 

225 

- 

140 

Tads 

A0-A12, A15 Setup 

Time 

— 

150 

— 

75 

Tdsu 

D0-D7 Data Setup Time 

50 

- 

35 

- 

Thr 

D0-D7 Read Hold Time 

10 

- 

10 

- 

Thw 

D0-D7 Write Hold Time 

30 

- 

30 

- 

TmOS 

D0-D7 Write Output 

Delay 

— 

175 

— 

130 

Tsym 

SYNC Setup 

- 

225 

- 

175 

Tha 

A0-A12, A15 Hold Time 

30 

- 

30 

- 

Trrw 

R/W Hold Time 

30 

- 

30 

- 

TacC 

External Memory Access 
Time Tacc “ Tcyc Tf 
Tads Tqsu 


Tacc 


Tacc 

Tsyh 

SYNC Hold Time 

30 

- 

30 

- 


E.6.1 Microprocessor Timing Diagram 
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R6511Q • R6500/13 

R6500 Microcomputer System 


Rockwell 


R6511Q One-Chip Microprocessor 
and R6500/13 One-Chip Microcomputer 


SECTION 1 
INTRODUCTION 


1.1 FEATURES 


• Enhanced 6502 CPU 

— Four new bit manipulation instructions 

• Set Memory Bit (SMB) 

• Reset Memory Bit (RMB) 

• Branch on Bit Set (BBS) 

• Branch on Bit Reset (BBR) 

— Decimal and binary arithmetic modes 
— 13 addressing modes 
— True indexing 

• 256-byte mask-programmable ROM or no ROM* 

• 1 92-byte static RAM 

• 32 bidirectional, TTL-compatible I/O lines (four ports) 

• One 8-bit port may be tri-stated under software control 

• One 8-bit port may have latched inputs under software 
control 

• Two 16-bit programmable counter/timers, with latches 
— Pulse width measurement 

— Asymmetrical pulse generation 
— Pulse generation 
— Interval timer 
— Event counter 
— Retriggerable interval timer 

• Serial port 

— Full-duplex asynchronous operation mode 
— Selectable 5- to 8-bit characters 
— Wake-up feature 
— Synchronous shift register mode 
— Standard programmable bit rates programmable 
up to 62.5K bits/sec @ 1 MHz 

• Ten interrupts 

— Four edge-sensitive lines; two positive, two negative 
—Reset 

— Non-maskable 
— Two counter underflows 
— Serial data received 
— Serial data transmitted 

• Bus expandable to 64K bytes of external memory 
*R6511Q has no ROM. 


• Flexible clock circuitry 

— 2-MHz or 1-MHz internal operation 
— Internal clock with external XTAL at two or four times 
internal frequency 

— External clock input divided by one, two or four 

• Vs minimum instruction execution time @ 2 MHz 

• NMOS-3 silicon gate, depletion load technology 

• Single +5V power supply 

• 12 mW stand-by power for 32 bytes of the 192-byte RAM 

• 64-pin QUIP 

NOTE 

This document uses the term R6500/13 to describe 
both parts. See section 1 .3 for a description of the op- 
tions available when using the R6500/13 and the fixed 
features of the R651 1 Q. 

1.2 SUMMARY 

The Rockwell R6500/13 is a complete, high-performance 
8-bit NMOS-3 microcomputer on a single chip and is com- 
patible with all members of the R6500 family. 

The R6500/13 consists of an enhanced 6502 CPU, an in- 
ternal clock oscillator, an optional 256 bytes of Read-Only 
Memory, 1 92 bytes of Random Access Memory (RAM) and 
versatile interface circuitry. The interface circuitry includes 
two 16-bit programmable timer/counters, 32 bidirectional in- 
put/output lines (including four edge-sensitive lines and input 
latching on one 8-bit port), a full-duplex serial I/O channel, 
ten interrupts and bus expandability. 

The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
computational power. These features make the R6500/13 a 
leading candidate for microcomputer applications. 

The R651 10 contains all the features of the R6500/1 3 except 
it has no ROM and is thus intended as a high feature micro- 
processor with full 65K address bus. 


Document No. 29651N36 


Product Description 


Order No. 2133 
Rev. 5, June 1987 
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To allow prototype circuit development, Rockwell offers a 
PROM-compatible 64-pin extended microprocessor device. 
This device, the R6511Q, provides all R6500/11 interface 
lines, plus the address bus, data bus and control lines to in- 
terface with external memory. The R6511Q also can be used 
to emulate the R6500/13. With the addition of external cir- 
cuits it can also emulate the R6500/12. 

Rockwell supports development of the R6500/13 with the Low 
Cost Emulator (LCE) Development System and the R6500/* 
Family of Personality Modules. Complete in-circuit emulation 
with the R6500/* Family of Personality Modules allows total 
system test and evaluation. 

This product description assumes that the reader is familiar 
with the R6502 CPU hardware and programming capabili- 
ties. A detailed description of the R6502 CPU hardware is 
included in the R6500 Microcomputer System Hardware 
Manual (Document Number 29650N31). A description of the 
instruction capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Doc- 
ument Number 29650N30). 


1.3 CUSTOMER OPTIONS 

The R6500/13 microcomputer is available with the following 
customer specified mask options. 

• Option 1 Crystal or RC oscillator 

• Option 2 Clock divide by 2 or 4 

• Option 3 Clock MASTER Mode or SLAVE Mode 

• Option 4 with or without a 256 byte ROM 

• Option 5 Reset Vector at FFFC or 7FFF 

• Option 6 Port A with or without internal pull-up resistors 

• Option 7 Port B with or without internal pull-up resistors 

• Option 8 Port C with or without internal pull-up resistors 

All options should be specified on an R6500/13 order form. 

The R6511Q has no customer specified mask options. It has 
the following characteristics. 

• Crystal Oscillator 

• Clock Divide by 2 

• Clock MASTER Mode 

• Without ROM 

• Reset Vector at FFFC 

• No internal pull-up resistors on any Port (PA, PB, or PC) 
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SECTION 2 

INTERFACE REQUIREMENTS 

This section describes the interface requirements for the Table 2-1. R6500/13 Pin Descriptions 

R6511Q and R6500/13. Figure 2-1 and 2-2 show the Inter- Signal Name Pin No. Descriptio 

face Diagram and the pin out configuration for both devices. r; r; r 

Table 2-1 describes the function of each pin. Figure 3-1 has ^ . 

a detailed block diagram of the R6500/13 ports which illus- In^^he^evenUhaM 

trates the internal function of the device. .u:. 


DB0-DB7 O^C 
A0-A12, AIsOiaC 
SYNC-^ 


SERIAL RECEIVE, 

TRANSMIT 

REGISTERS 


I R6511Q 

• MULTIPLEXED FUNCTIONS PINS (Software Selectable) 



IDSO PA0-PA7 (PAD. PA1, 
PA2, PA3: 

EDGE DETECTS) 


PB0-PB7 (LATCHED INPUTS) 


)30 PC0-PC7/(A13, A14 

(Full address mode)' 


|8C> PD0-PD7/ 

(DATA/ADDR BUS (A4-A11)) 


Figure 2-2. Interface Diagram 


Signal Name 

Pin No. 

Description 

Vcc 

21 

Main power supply +5V 

Vrr 

43 

Separate power pin for RAM. 
In the event that Vcc power 
is off, this power retains RAM 
data. 

Vss 

44 

Signal and power ground (OV) 

XTLI 

42 

Crystal or clock input for in- 
ternal clock oscillator. Also 
allows input of XI clock sig- 
nal if XTLO is connected to 
Vss, or X2 or X4 clock if XTLO 
is floated. 

XTLO 

41 

Crystal output from internal 
clock oscillator. 

RES 

6 

The Reset input is used to 
initialize the device. This sig- 
nal must not transition from 
low to high for at least eight 
cycles after Vcc reaches op- 
erating range and the inter- 
nal oscillator has stabilized. 

i2 

45 

Clock signal output at inter- 
nal frequency. 

NMI 

23 

A negative going edge on the 
Non-Maskable Interrupt sig- 
nal requests that a non- 
maskable interrupt be gen- 
erated with the CPU. 

PA0-PA7 

39-32 

Four 8-bit ports used for 

PB0-PB7 

31-24 

either input/output. Each line 

PC0-PC7 

54-61 

of Ports A, B and C consists 

PD0-PD7 

62-64, 

1-5 

of an active transistor to Vss 
and an optional passive pull- 
up to Vcc. In the abbreviated 
or multiplexed modes of op- 
eration Port C has an active 
pull-up transistor. Port D 
functions as either an 8-bit 
input or 8-bit output port. It 
has active pull-up and pull- 
down transistors. 

A0-A12, A15 

20-7 

Fourteen address lines used 
to address a complete 
65K external address space. 
Note: A13 & A14 are sourced 
through PC6 & PC7 when in 
the Full Address Mode. 

DB0-DB7 

53-46 

Eight bidirectional data bus 
lines used to transmit data to 
and from external memory. 

SYNC 

22 

SYNC is a positive going sig- 
nal for the full clock cycle 
whenever the CPU is per- 
forming an OP CODE fetch. 

R/W 

40 

Controls the direction of data 
transfer between the CPU 
and the external 65K ad- 
dress space. The signal is 
high when reading and low 
when writing. 
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SECTION 3 

SYSTEM ARCHITECTURE 


This section provides a functional description of the R6500/ 
13. Functionally the R6500/13 consists of a CPU, both RAM 
and optional ROM memories, four 8-bit parallel I/O ports, a 
serial I/O port, dual counter/latch circuits, a mode control reg- 
ister, and an interrupt flag/enable dual register circuit. A block 
diagram of the system is shown in Figure 3-1 . 


NOTE 

Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU LOGIC 

The R6500/13 internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y): an 8-bit Stack Pointer register, an ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.1.2 Index Registers 

There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address — the sum of 
the program counter contents and the index register contents. 

When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack ma nipul ation in response to either 
user instructi ons, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 

The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 

The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of a memory 


location is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1 . The Stack Pointer is then placed on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 

The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 

3.1.4 Arithmetic And Logic Unit (ALU) 

All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.5 Program Counter 

The 16-bit Program Counter provides the addresses that are 
used to step the' processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 

3.1.6 Instruction Register and instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 

3.1.7 Timing Control 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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Figure 3-1 . Detailed Block Diagram 
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3.1.8 Interrupt Logic 

Interrupt lo gic contr o ls th e sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 


3.3 READ-ONLY-MEMORY (ROM) 

The optional ROM consists of 256 bytes mask programmable 
memory with an address space from 7F00 to 7FFF. ROM 
locations FFFA to FFFF are assigned for interrupt vectors. 
The reset vector can be optionally at 7FFE or FFFC. 


3.2 NEW INSTRUCTIONS 

In addition to the standard R6502 instruction set, four new 
bit manipulation instructions have been added to the R6500/ 
13. The added instructions and their format are explained in 
the following paragraphs. Refer to Appendix A for the Op 
Code mnemonic addressing matrix for these added instruc- 
tions. The four added instructions do not impact the CPU 
processor status register. 

3.2.1 Set Memory Bit (SMB m, Addr.) 

This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory or I/O port). The first byte 
of the instruction specifies the SMB operation and one of eight 
bits to be set. The second byte of the instruction designates 
address (0-255) of the byte to be operated upon. 

3.2.2 Reset Memory Bit (RMB m, Addr.) 

This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 

3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
BEST) 

This instruction tests one of eight bits designated by a 3-bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
I/O ports). The third byte of the instruction is used to specify 
the 8-bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 

3.2.4 Branch On Bit Reset Relative (BBR m, 

Addr, BEST) 

This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested 
is a "0". 


The R6511Q has no ROM and its Reset vector is at FFFC. 

3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R6500/13 provides a separate power pin (Vrr) which may be 
used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of Vcc power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Vrr pin. If the RAM data retention is not required then Vrr 
must be connected to Vcc- During operation Vrr must be at 
the Vcc Jevel. 

For the RAM to retain data upon l oss o f Vcc, Vrr must be 
supplied within operating range and RES must be driven low 
at leas t eigh t 02 clock pulses before Vcc falls out of operating 
range. RES must then be held low while Vcc is out of oper- 
ating range and until at least eight 02 clock cycles after Vcc 
is again within operating range and the internal 02 oscillator 
is stabilized. Vrr must remain within Vcc operating range 
during normal operation. When Vcc is out of operating range, 
Vrr must remain within the Vrr retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 


RAM OPERATING MODE RAM RETENTION MODE 



ff 



V 5- 

RES 


@ 

@ 

- ^ 

_J " l! 

^ ,1 — ^ 



1— @ —II 

— (D — 1 

1-i-TRL 

1 1NITIAL APPLICATION OF Vcc AND Vrr. 

2 LOSS OF Vcc, ram ON STANDBY POWER. 

@ 


1 3 REAPPLICATION OF Vcc- 

[4 >8 02 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
Is >8 02 CLOCK PULSES. ^ 


Figure 3-2. Data Retention Timing 
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3.5 CLOCK OSCILLATOR 

The R651 1Q has been configured for a crystal oscillator, a divide 
by 2 countdown network, and for Master Mode Operation. 

Three customer selectable mask options are available for con- 
trolling the R6500/1 3 timing. The R6500/13 can be ordered with 
a crystal oscillator, a divide by 2 or divide by 4 countdown net- 
work and for clock master mode or clock slave mode operation. 

For 2MHz interval operation the divide-by-2 options must be 
specified. 

The on-chip oscillator is designed for a parallel resonant crys- 
tal connected between XTLI and XTLO pins. The equivalent 
oscillator circuit is shown in Figure 3-3. 

A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator operation, 
the load capacitance (Cl), series resistance (Rs) and the crys- 
tal resonant frequency (F) must meet the following two relations: 


For example, if Cl = 22 pF for a 4 MHz parallel resonant 
crystal, then 


C = (2x22) - 27 = 17 pF 
(use standard value of 18 pF) 


The series resistance of the crystal must be less than 
2x 10® 

Rsmax = -= r = 258 ohms 

(4 X 22)2 

Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3b shows typical 
connections. If XTLO is left floating, the external source is divided 
by the internal countdown network. However, if XTLO is tied to 
Vss, the internal countdown network is bypassed causing the 
chip to operate at the frequency of the external source. 


(C + 27) = 2Cl or C = 2Cl - 27 pF 


Rs ^ Rsmax 


2x10® 

(FCl)2 


where; F Is In MHz; C and Cl are in pF; R is In ohms. 


To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a Crystal Manufacturer’s catalog. 
Next, calculate Rsmax based on F and Cl. The selected crystal 
must have a Rs less than the Rsmax- 


The operation described above assumed a CLOCK MASTER 
MODE mask option. In this mode a frequence source (crystal 
or external source) must be applied to the XTLI and XTLO pins. 


02 is a buffered output signal which closely approximates the 
interal timing. When a common external source Is used to drive 
multiple devices the Internal timing between devices as well as 
their 02 outputs will be skewed in time. If skewing represents 
a system problem it can be avoided by the Master/Slave con- 
nection and options shown in Figure 3-4. 



One R6500/13 is operated in the CLOCK MASTER MODE and 
a second in the CLOCK SLAVE MODE. Mask options in the 
SLAVE unit convert to 02 signal into a clock input pin which is 
tightly coupled to the internal timing generator. As a result the 
internal timing of the MASTER and SLAVE units are syn- 
chronized with minimum skew. If the 02 signal to the SLAVE 
unit is inverted, the MASTER and SLAVE UNITS WILL OPER- 
ATE OUT OF PHASE. This approach allows the two devices to 
share external memory using cycle stealing techniques. 



Figure 3-3. Clock Oscillator input Options 


Figure 3-4. Master/Siave Connections 
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3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains control bits for the mul- 
tifunction I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 
basic configuration of the R6500/13 in any application. Ini- 
tializing this register is one of the first actions of any software 
program. The Mode Control Register bit assignment is shown 
in Figure 3-5. 



Figure 3-5. Mode Control Register 


The use of Counter A Mode Select is shown in Section 6.1 . 

The use of Counter B Mode Select is shown in Section 6.2. 

The use of Port B Latch Enable is shown in Section 4.4. 

The use of Port D in Tri-State Enable is shown in Section 
4.6. 

The use of Bus Mode Select is shown in Section 4.5 and 4.6. 


3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (lER) 

An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (lER). Multiple 
simultaneous interrupts cause the IRQ interrupt request to 
remain active until all interrupting conditions have been 
serviced and cleared. 

The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 

0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 

001 1 . In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify- Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a " 1 " by writing a "1" in the 
respective bit position at location 0012. Individual lER bits 
may be cle ared by writing a "0" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1 . 
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Flag 


Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1 . Interrupt Flag Register Bit Codes 


Bit 

Code 

Function 

IFR 0: 

PAO Positive Edge Detect Flag — Set to a "1" when a positive going edge is detected on PAO. 

Cleared by RMB 0 (0010) instruction or by RES. 

IFR 1 ; 

PA1 Positive Edge Detect Flag— Set to a 1 when a positive going edge is detected on PA1 . 

Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2; 

PA2 Negative Edge Detect Flag — Set to a 1 when a negative going edge is detected on PA2. 

Cleared by RMB 2 (0010) instruction or by RES. 

IFR 3: 

PA3 Negative Edge Detect Flag — Set to 1 when a negative going edge is detected on PA3. 

Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: 

Counter A Underflow Flag — Set to a 1 when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001 A, or by RES. 

IFR 5: 

Counter B Underflow Flag — Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001 C, by writing to address location 001 E, or by RES. 

IFR 6: 

Receiver Interrupt Flag — Set to a 1 when any of the Serial Communication Status Register bits 

0 through 3 is set to a 1 . Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 

RES. 

IFR 7; 

Transmitter Interrupt Flag — Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a 0 or SCSR 

7 is set to a 1 . Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, shown in Figure 3-7, 
contains seven status flags. Some of these flags are 
controlled by the user program; others may be controlled both 
by the user’s program and the CPU. The R6502 instruction set 
contains a number of conditional branch instructions which are 
designed to allow testing of these flags. Each of the eight pro- 
cessor status flags is described in the following sections. 

3.8.1 Carry Bit (C) 

The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry 
occurred as the result of arithmetic operations. 

The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 

3.8.2 Zero Bit (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 


zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 

3.8.3 Interrupt Disable Bit (I) 

The Interrupt Disable Bit_(l[ is used to control the servicing 
of a n int errupt request (IRQ). If the I Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1 , the 
signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask- 
able Interrupt (NMI) signal is detected. 

The I bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the I bit. 


7 6 5 4 3 2 1 0 

N 1 V B D > Z C 


CARRY (C)0 

1 = Carry Set 

0 = Carry Clear 

ZERO (2)0 

1 = Zero Result 

0 = Non-Zero Result 

. INTERRUPT DISABLE (1)0 

1 = IRQ Interrupt Disabled 

0 z IRQ Interrupt Enabled 

• DECIMAL MODE (D)0 

1 = Decimal Mode 

0 =: Binary Mode 

. BREAK COMMAND (B)0 

1 _ Break Command 

0 = Non Break Command 

■ OVERFLOW (0)0 

1 = Overflow Set 

0 = Overflow Clear 

NEGATIVE (N)0 

1 z Negative Value 
Oz Postive Value 


NOTES 

0 Not initialized by RES 
0 Set to Logic 1 by RES 


Figure 3-7. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 

The Decimal Mode Bit (D) is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1 , the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode Is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction clears it. The PLP and RTI instruc- 
tions also affect the Decimal Mode Bit. 


CAUTION 

The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 


3.8.5 Break Bit (B) 

The Break Bit ( B) is used to determine the conditi on w hich 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU execute d a BRK 
command, the Break Bit will be set to logic 1 . If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 

3.8.6 Overflow Bit (V) 

The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 ^ n ^ 127). 


This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or -128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 

The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction — which may be used to sample interface 
devices — allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. During a BIT instruction the Over- 
flow Bit is set equal to the content of the bit 6 on the data 
tested with BIT instruction. When used in this mode, the 
overflow has nothing to do with signed arithmetic, but is just 
another sense bit for the microprocessor. Instructions affecting 
the V flag are ADC, BIT, CLV, PLP, RTI and SBC. 

3.8.7 Negative Bit (N) 

The Negative Bit (N) is used to indicate that the sign bit (bit 
7) in the resulting value of a data movement or data arith- 
metic operation is set to logic 1. If the’ sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 

PARALLEL INPUT/OUTPUT PORTS 
& BUS MODES 


The devices have 32 I/O lines grouped into four 8-bit ports 
(PA, PB, PC, and PD). Ports A through C may be used either 
for input or output individually or in groups of any combination. 
Port D may be used as all inputs or all outputs. 

Multifunction I/O’s such as Port A and Port C are protected 
from normal port I/O instructions when they are programmed 
to perform a multiplexed function. 

Internal pull-up resistors (FET’s with an impedance range of 
3K < Rl < 12K ohm) are optional on all port pins except 
Port D (R6500/13 only). 

The direction of the 32 I/O lines are controlled by four 8-bit 
port registers located in page zero. This arrangement pro- 
vides quick programming access using simple two-byte zero 
page address instructions. There are no direction registers 
associated with the I/O ports, thus simplifying I/O handling. 
The I/O addresses are shown in Table 4-1. Appendix E.6 
shows the I/O Port Timing. 


Table 4-1. I/O Port Addresses 


Port 

Address 

A 

0000 

B 

0001 

C 

0002 

D 

0003 


4.1 INPUTS 

Inputs for Ports A, B, and C are enabled by loading logic 1 
into all I/O port register bit positions that are to correspond 
to I/O input lines. A low (<0.8V) input signal will cause a logic 
0 to be read when a read instruction is issued to the port 
regi ster. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all I/O port registers to logic 1 thus 
initially treating all I/O lines as inputs. 


Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a "0". 

The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 

Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD. During the Read cycle of a 
Read/Modify/Write instruction the Port I/O register is read. 
For all other read instructions the port input lines are read. 
Read/Modify/Write instructions are: ASL, DEC, INC, LSR, 
RMB, ROL, ROR, and SMB. 


4.2 OUTPUTS 

Outputs for Ports A thru D are controlled by writing the 
desired I/O line output states into the corresponding I/O port 
register bit positions. A logic 1 will force a high (>2.4V) 
output while a logic 0 will force a low (<0.4V) output. 

Port D all outputs is selected by setting MCR5 to a "V. 


4.3 Port A (PA) 

Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter I/O lines, or an input 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 

In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate an 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the j^2 clock rate. Edge detection timing is shown in Ap- 
pendix E.5. 
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Table 4-2. Port A Control & Usage 


PAO (2) 

PIN 39 

PAO I/O 

PORT B LATCH MODE 


MCR4 = 0 

MCR4 - 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PAO 



I/O 

PORT B 

LATCH STROBE 

INPUT (1) 

p— 




PA1 (2) 

PIN 38 

PA2 (3) 

PIN 37 

PA3 (3) 

PIN 36 

PA1-PA3 I/O 

SIGNAL 



NAME 

PA1 

PA2 

PA3 

TYPE 

I/O 

I/O 

I/O 


1 


PA4 

PIN 35 

PA4 I/O 

1 COUNTER A I/O | 

MCRO = 0 

MCR1 - 0 

SCCR7 = 0 

RCVR S/R MODE = 0 
(4) (5) 

MCRO = 1 

MCR1 = 0 

SCCR7 = 0 

RCVR S/R MODE = 0 
(4) 

SCCR7 = 0 

SCCR6 = 0 

MCR1 = 1 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PA4 

I/O 

CNTA 

OUTPUT 

CNTA 

INPUT (1) 

SERIAL I/O SHIFT REGISTER CLOCK | 

SCCR7 = 1 

SCCR5 = 1 

RCVR S/R MODE = 1 
(4) 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

XMTR CLOCK 

OUTPUT 

RCVR CLOCK 

INPUT (1) 

1 

PAS 

PIN 34 

PAS I/O 

COUNTER B I/O | 

MCR3 = 0 

MCR2 = 0 

MCR3 = 0 

MCR2 = 1 

MCR3 = 1 

MCR2 = X 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PAS 

I/O 

CNTB 

OUTPUT 

CNTB 

INPUT (1) 

1 1 

(1) Hardware Buffer Float 

(2) Positive Edge Detect 

(3) Negative Edge Detect 

(4) RCVR S/R Mode = 1 when SCCR6 
• SCCRS • SCCR4 = 1 

(5) For the following mode combina- 
tions PA4 is available as an input 
only pin: 

SCCR7*SCCR6»SCCRS»MCR1 
+ SCCR7»SCCR6»7SCCR4»MCR1 
-f- SCCR7»SCCR6*SCCRS 
+ SCCR7»SCCRSC»SCCR4. 

PA6 

PIN 33 

PA6 I/O 

SERIAL I/O 

XMTR OUTPUT 

SCCR7 = 0 

SCCR7 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PA6 

I/O 

XMTR 

OUTPUT 

1 1 

PA7 

PIN 32 

PA7 I/O 

SERIAL I/O 

RCVR INPUT 

SCCR6 = 0 

SCCR6 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PA7 

I/O 

RCVR 

INPUT (1) 
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4.4 PORT B (PB) 

Port B can be programmed as an 8-bit, bit-independent I/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Appendix E.5. 


Table 4-3. Port B Control & Usage 



I/O Mode 

Latch 

Mode 

MCR4 


MCR4 = 1 
(2) 



Signal 

Signal 

Pin 

Pin 


Type 



# 

Name 

Name 

(1) 

Name 

Type 

31 

PBO 

PBO 

I/O 

PBO 

INPUT 

30 

PB1 

PB1 

I/O 

PB1 

INPUT 

29 

PB2 

PB2 

I/O 

PB2 

INPUT 

28 

PB3 

PB3 

I/O 

PB3 

INPUT 

27 

PB4 

PB4 

I/O 

PB4 

INPUT 

26 

PBS 

PBS 

I/O 

PBS 

INPUT 

25 

PB6 

PB6 

I/O 

PB6 

INPUT 

24 

PB7 

PB7 

I/O 

PB7 

INPUT 


(1) Resistive Pull-Up, Active Buffer Pull-Down 

(2) Input data is stored in Port B latch by PAO Pulse 


4.5 PORT C (PC) 

Port C can be programmed as an I/O port, as part of the full 
address bus, and, in conjunction with Port D, as an abbre- 
viated bus, or as a multiplexed bus. When operating in the 
Full Address Mode PC6 and PC7 serve as A13 and A14 with 
PC0-PC5 operating as normal I/O pins. When used In the 
abbreviated or multiplexed b us mo des, PC0-PC7 function as 
A0-A3, A1 2, R/W , A13, and EMS, respectively, as shown in 
Table 4-4. EMS (External Memory Select) is asserted (low) 
whenever the internal processor accesses memory area 
between 0100 and 3 FFF. (See Memory Map, Appendix B). 
The leading edge of EMS may be used to strobe the eight 
address lines multiplexed on Port D in the Multiplexed Bus 
Mode. See Appendices E.3 through E.5 for Port C timing. 


4.6 PORT D (PD) 

Port D can be programmed as an I/O Port, an 8-bit tri-state data 
bus, or as a multiplexed bus. Mode selection for Port D is made 
by the Mode Control Register (MCR). The Port D output drivers 
can be selected as tri-state drivers by setting bit 5 of the MCR 
to 1 (one). Table 4-5 shows the necessary settings for the MCR 
to achieve the various modes for Port D. When Port D Is 


selected to operate in the Abbreviated Mode PD0-PD7 serves 
as data register bits D0-D7. When Port D is selected to oper- 
ate in the Multiplexed Mode data bits DO through D7 are time 
multiplexed with address bits A4 through A1 1 , respectively. Refer 
to the Memory Maps (Appendix C) for Abbreviated and Mul- 
tiplexed memory assignments. See Appendices E.3 through E.5 
for Port D timing. 


4.7 BUS MODES 

A special attribute of Port C and Port D is their capability to be 
configured via the Mode Control Register (see Section 3.6) into 
four different modes. 

In the Full Address Mode, the separate address and data bus 
are used in conjunction with PC6 and PC7, which automatically 
provide A13 and A14. The remaining ports perform the normal 
I/O function. 

In the I/O Bus Mode all ports serve as I/O. The address and data 
bus are still functional but without A13 and A14. Since the Inter- 
nal RAM and registers are in the OOXX location, A15 can be used 
for chip select and A0-A12 used for selecting 8K of external 
memory. Thus, the device can be used to emulate the R6500/1 1 
in the Normal Bus Mode. 

In the Abbreviated Bus Mode, the address and data lines can 
be used as in the I/O Bus Mode to emulate the R6500/1 1 . Port C 
and Port D are automatically transformed into an abbreviated 
address bus and control signals (Port C) and a bidirectional data 
bus (Port D). 64 Peripheral addresses can be selected. In general 
usage, these 64 addresses would be distributed to several exter- 
nal I/O devices such as R6522 and R6520, etc., each of which 
may contain more than one unique address. 

In the Multiplexed Bus Mode, the operation is similar to the 
Abbreviated Mode except that a full 16K of external addresses 
are provided. Port C provides the lower addresses and control 
signals. Port D multiplexes functions. During the first half of the 
cycle it contains the remaining necessary 8 address bits for 16K; 
during the second half of the cycle it contains a bidirectional 
data bus. The address bits appearing on Port D mu st be l atched 
into an external holding register. The leading edge of EMS, which 
indicates that the bus function is active, may be used for this 
purpose. 

MCR5 must be a logic 1 in the Abbreviated and Multiplexed Bus 
Modes. 

Figures 4-1 a through 4-1 d show the possible configurations of 
the four bus modes. Figure 4-2 shows a memory map of the part 
as a function of the Bus Mode and further shows which 
adddresses are active or inactive on each of the three possible 
buses. 
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Table 4-4. Port C Control & Usage 



Full Address 

Mode 

Normal Mode 

Abbreviated 

Mode 

Multiplexed 

Mode 

MCR7 = 0 

MCR6 =: 0 

MCR7 

MCR6 

= 0 
= 1 

MCR7 = 1 

MCR6 = 0 

MCR7 = 1 

MCR6 = 1 

Pin 

# 

Pin 

Name 

Signal 

Signal 

Signal 

Signal 

Name 

Type 

Name 

Type 

(1) 

Name 

Type 

(2) 

Name 

Type 

(2) 

54 

PCO 

PCO 

I/O (1) 

PCO 

I/O 

AO 

OUTPUT 

AO 

OUTPUT 

55 

PCI 

PCI 

I/O (1) 

PCI 

I/O 

A1 

OUTPUT 

A1 

OUTPUT 

56 

PC2 

PC2 

I/O (1) 

PC2 

I/O 

A2 

OUTPUT 

A2 

OUTPUT 

57 

PC3 

PCS 

I/O (1) 

PCS 

I/O 

A3 

OUTPUT 

A3 

OUTPUT 

58 

PC4 

PC4 

I/O (1) 

PC4 

I/O 

A12 

OUTPUT 

A12 

OUTPUT 

59 

PC5 

PC5 

I/O (1) 

PC5 

I/O 

RW 

OUTPUT 

RW 

OUTPUT 

60 

PC6 

A13 

OUTPUT (2) 

PC6 

I/O 

A13 

OUTPUT 

A13 

OUTPUT 

61 

PC7 

A14 

OUTPUT (2) 

PC7 

I/O 

EMS 

OUTPUT 

EMS 

OUTPUT 


(1) Resistive Pull-Up, Active Buffer Pull-Down 

(2) Active Buffer Pull-Up and Pull-Down 


Table 4-5. Port D Control & Usage 








Abbreviated 








Normal Modes 


Mode 


Multiplexed Mode 




MCR7 = 0 

MCR7 = 0 

MCR7 

= 1 


MCR7 = 1 




MCR6 = X 

MCR6 = X 

MCR6 

= 0 


MCR6 = 1 




MCR5 = 0 

MCR5 = 1 

MCR5 

= 1 


MCR5 = 1 




Signal 

Signal 

Signal 

Signal 

Signal 

Pin 

Pin 


Type 


Type 


Type 

02 Low 

02 High 

# 

Name 

Name 

(1) 

Name 

(2) 

Name 

(3) 

Name 

Type (2) 

Name 

Type (3) 

62 

PDO 

PDO 

INPUT 

PDO 

OUTPUT 

DATAO 

I/O 

A4 

OUTPUT 

DATAO 

I/O 

63 

PD1 

PD1 

INPUT 

PD1 

OUTPUT 

DATA1 

I/O 

A5 

OUTPUT 

DATA1 

I/O 

64 

PD2 

PD2 

INPUT 

PD2 

OUTPUT 

DATA2 

I/O 

A6 

OUTPUT 

DATA2 

I/O 

1 

PD3 

PD3 

INPUT 

PD3 

OUTPUT 

DATA3 

I/O 

A7 

OUTPUT 

DATA3 

I/O 

2 

PD4 

PD4 

INPUT 

PD4 

OUTPUT 

DATA4 

I/O 

A8 

OUTPUT 

DATA4 

I/O 

3 

PD5 

PD5 

INPUT 

PD5 

OUTPUT 

DATA5 

I/O 

A9 

OUTPUT 

DATA5 

I/O 

4 

PD6 

PD6 

. INPUT 

PD6 

OUTPUT 

DATA6 

I/O 

A10 

OUTPUT 

DATA6 

I/O 

5 

PD7 

PD7 

INPUT 

PD7 

OUTPUT 

DATA7 

I/O 

A11 

OUTPUT 

DATA7 

I/O 


(1) Tri-State Buffer is in High Impedance Mode 

(2) Tri-State Buffer is in Active Mode 

(3) Tri-State Buffer is in Active Mode only during the phase 2 portion of a Write Cycle 
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Figure 4-1 . Bus Mode Configurations 
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SECTION 5 

SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Serial I/O channel with pro- 
grammable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1 . The serial bit rate is determined by Counter A for 
all modes except the Receiver Shift Register (RCVR S/R) 
mode for which an external shift clock must be provided. The 
maximum data rate using the internal clock is 62,5K bits per 
second (at ^2 = 1 MHZ). The transmitter (XMTR) and receiver 
(RCVR) can be independently programmed to operate in 
different modes and can be independently enabled or 
disabled. 


3 


□ 

F 

3 

□ 

□ 

□ 


Addr 0015 


0~Odd Parity 
1~Even Parity 


0 Parity Disable 
I I 1 Parity Enable 

0 0~ 8 Bits/Char 

0 1~7 Bits/Char 

1 0~ 6 Bits/Char 

1 1 ~ 5 Bits/Char 


0 0 XMTR & RCVR ASYN Mode 

0 1 XMTR ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 

0 RCVR Disable 

1 RCVR Enable 


0 XMTR Disable 

1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 


ASYNCHRONOUS MODE WITHOUT PARITY 


SI 


[?IAfllL 


LsTABtL- 


I START I 


I 2 STOP I 


IstIr tI 


ASYNCHRONOUS MODE WITH PARITY 


I PARITY I ~ 


I PARITY I 


SHIFT REGISTER MODE 8-BIT DATA 


I 


SHIFT REGISTER CLOCK (PA4) 


Figure 5-2. SIO Data Modes 


In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 


Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 


IFR7 = SCSR6 (SCSR5 -F SCSR7) 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1 ) for a table of hexadecimal values to represent the desired 
data rate. 

5.1 TRANSMITTER OPERATION (XTMR) 

The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 


5.2 RECEIVER OPERATION (RCVR) 

The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1 ." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals for internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1 . 


3-155 





R6511Q Microprocessor and R6500/13 Microcomputer 



In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 



A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 

5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 

SCSR 0: Receiver Data Register Full — Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register, This bit is 
cle ared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
0 bit will not be set to a logic 1 if the received data 
contains an error condition; instead, a corre- 
sponding error bit will be set to a logic 1 . 

SCSR 1 : Over-Run Error — Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister with the last character still in the Receiver 
Data Register. This bit is cle ared by reading the 
Receiver Data Register or by RES. 

SCSR 2: Parity Error — Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 


received data has a parity error. This bit is cl eared 
by reading the Receiver Data Register or by RES. 

SCSR 3: Framing Error — Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Clear ed b y reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 

SCSR 4: Wake-Up — Set to a logic 1 by writing a "1" in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1’s. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission — Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0 016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR 6: Transmitter Data Register Empty — Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister are transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run — Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of n ew d ata into the Transmitter Shift 
Register or by RES. 



5.4 WAKE-UP FEATURE 

In a multi-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU’s to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
11 consecutive Ts which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 
COUNTER/TIMERS 


The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 


grammed to operate in one ( 

Counter A 

• Pulse width • 

measurement • 

• Pulse Generation 

• Interval Timer • 

• Event Counter • 


)f four modes: 

Counter B 

Retriggerable Interval Counter 
Asymmetrical Pulse 
Generation 
Interval Timer 
Event Counter 


Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value— not FFFF— and the Counter A Underflow Flag (IFR 
4) will be set to "1". This bit may be cleared by reading the 
Lower Counter A a t loca tion 0018, by writing to address lo- 
cation 001 A, or by RES. 

Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. 


Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 


MCR1 
(bit 1) 

MCRO 
(bit 0) 

Mode 

0 

0 

Interval Tinner 

0 

1 

Pulse Generation 

1 

0 

Event Counter 

1 

1 

Pulse Width Measurement 


6.1 COUNTER A 

Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001 A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 

The 16-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001 A. The contents of the accumulator will be copied into the 



Figure 6-1. Interval Timer Timing Diagram 


The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Timer 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore ^(xs to 65.535 
ms at the 1 MHz 02 clock rate or 0.5 /xs to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic ;Mf the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1 . 

6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs or a 
write is performed to address 001 A. 

The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions iow when writing to 001 A. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 

The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 



6.1.5 Serial I/O Data Rate Generation 

Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled. Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 


Figure 6.2 is a timing diagram of the Event Counter Mode. 



6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 02 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 02 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


16 X bps 

where 

N = decimal value to be loaded into Counter A using 
its hexadecimal equivalent. 

02 = the clock frequency (1 MHz or 2 MHz) 

bps = the desired data rate. 


NOTE 

In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 


Standard 

Baud 

Rate 

Hexadecimal 

Value 

Actual 

Baud 

Rate At 

Clock Rate 
Needed 

To Get 
Standard 
Baud Rate 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

50 

04E1 

09C3 

50.00 

50.00 

1 .0000 

2.0000 

75 

0340 

0682 

75.03 

74.99 

1 .0000 

2.0000 

110 

0237 

046F 

110.04 

110.04 

1 .0000 

2.0000 

150 

01A0 

0340 

149.88 

150.06 

1 .0000 

2.0000 

300 

OOCF 

01A0 

300.48 

299.76 

1 .0000 

2.0000 

600 

0067 

OOCF 

600.96 

600.96 

1 .0000 

2.0000 

1200 

0033 

0067 

1201.92 

1201.92 

1 .0000 

2.0000 

2400 

0019 

0033 

2403.85 

2403.85 

1 .0000 

2.0000 

3600 

0010 

0021 

3676.47 

3676.47 

0.9792 

1 .9584 

4800 

OOOC 

0019 

4807.69 

4807.69 

1 .0000 

2.0000 

7200 

0008 

0010 

6944.44 

7352.94 

1 .0368 

1 .9584 

9600 

0006 

OOOC 

8928.57 

9615.38 

1 .0752 

2.0000 


6.2 COUNTER B 

Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 02 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a Read 
at location 001 D for the Upper Counter B and at location 
001 E or 001 C for the Lower Counter B. A Read at location 
001 C also clears the Counter B Underflow Flag. 

Latch B contains the counter initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 
B at location 001 D and the Lower Latch B at location 001 C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 

Counter B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 1 6-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFRS) will be set 
to a whenever Counter B underflows by decrementing 
from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at 
locat ion 001C, by writing to address location 001 E, or by 
RES. 

Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and MCR3 select the four Counter B 
modes in a similar manner and coding as MCRO and MCR1 
select the modes of Counter A. 


6.2.1 Retriggerable Interval Timer Mode 

When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 
•occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 



Figure 6-4. Counter B. Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 

Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value corresponding to the desired pulse 
width (referred to as P in the following descriptions). The 
initialization sequence for Latch B and C and the starting of 
a counting sequence are as follows: 

1 . The lower 8 bits of P are loaded into LLB by writing to 
address 001 C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 001 D. At this point both 
Latch B and Latch C contain the value of P. 

2. The lower 8 bits of D are loaded into LLB by writing to 
address 001 C; the upper 8 bits of D are loaded into 
ULB by writing to address location 001 E. Writing to 
address location 001 E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 

3. When Counter B underflow occurs the contents of the 
Latch C are loaded into the Counter B and the CB out- 
put toggles to a high level, staying high until another 
underflow occurs. Latch B is then down-loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 

POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 

After application of Vcc and Vrr power to the device, RES 
must be held low for at least eight ^2 clock cycles after Vcc 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vcc voltage and performance of the internal oscillator. The 
clock can be monitored at f)2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 



Vcc''o CT' 

^ POWER ON 

xTLo 

* ' KCLOCK -J 

' STABILIZATION 

02 .JiWKXMAannnn 

*8 02 CLOCKS 
^ CYCLES MIN. 

ruijmnmji 

njiTLTiJiRnrL 


Figure 7-1. Power Turn-On Timing Detail 


7.2 POWER-ON RESET 

When RES goes from low to high, the device sets the In- 
terrupt Mask Bit — bit 2 of the Processor Status Register — 
and initiates a reset vector fetch at address FFFC and FFFD 
(or optionally 7FFE and 7FFF) to begin user program exe- 
cution. All of the I/O ports (PA, PB, PC, PD) will be forced 
to the high (logic 1) state. All bits of the Control Register will 
be cleared to logic 0 causing the Interval Timers counter 
mode (mode 00) to be selected and all interrupt enabled bits 
to be reset. 


OUTPUT ^ 

4 

n 

1- D -IpI^ 

1&3. COUNTER B 

LATCH B (D) 

2&4. COUNTER B 

LATCH C (P) 


Figure 6-5. Counter B Pulse Generation 


7.3 RESET (RES) CONDITIONING 

When RES is driven from low to high the device is put in a 
reset state causing the registers and I/O ports to be config- 
ured as shown in Tab-te 7-1. 


Table 7-1. RES Initialization of I/O Ports and Registers 


Bit No. 

7 

6 

5 

4 

3 

2 

1 

0 

REGISTERS 









Processor Status 

— 

— 

— 

_ 

— 

1 

— 

— 

Mode Control (MCR) 

0 

0 

0 

0 

0 

0 

0 

0 

Int. Enable (lER) 

0 

0 

0 

0 

0 

0 

0 

0 

Int. Flag (IFR) 

0 

0 

0 

0 

0 

0 

0 

0 

Ser. Com. Control (SCCR) 

0 

0 

0 

0 

0 

0 

0 

0 

Ser. Com. Status (SCSR) 

0 

1 

0 

0 

0 

0 

0 

0 

PORTS 









PA Latch 

1 

1 

1 

1 

1 

1 

1 

1 

PB Latch 

1 

1 

1 

1 

1 

1 

1 

1 

PC Latch 

1 

1 

1 

1 

1 

1 

1 

1 

PD Latch 

1 

1 

1 

1 

1 

1 

1 

1 


Ali RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 

Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization subroutine should be executed to perform (as a 
minimum) the following functions: 

1 . The Stack Pointer should be set 

2. Clear or Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls as required 

5. Clear Interrupts 

A typical initialization subroutine could be as follows: 

LDX Load stack pointer starting address into 
X Register 

TXS Transfer X Register value to Stack Pointer 

CLD Clear Decimal Mode 

SEC Set Carry Flag 

.... Set-up Mode Control and 

.... special function registers 

.... and clear RAM as required 

CLI Clear Interrupts 
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APPENDIX A 

ENHANCED R6502 INSTRUCTION SET 

This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, Document 
29650 N30. The four instructions notated with a * are added 
instructions to enhance the standard 6502 instruction set. 


A.1 INSTRUCTION SET IN ALPHABETIC 
SEQUENCE 


Mnemonic 

Instruction 

Mnemonic 

Instruction 

ADC 

Add Memory to Accumulator with Carry 

LDA 

Load Accumulator with Memory 

AND 

“AND” Memory with Accumulator 

LDX 

Load Index X with Memory 

ASL 

Shift Left One Bit (Memory or Accumulator) 

LDY 

Load Index Y with Memory 



LSR 

Shift One Bit Right (Memory or 

*BBR 

Branch on Bit Reset Relative 


Accumulator) 

*BBS 

Branch on Bit Set Relative 



BCC 

Branch on Carry Clear 

NOP 

No Operation 

BCS 

Branch on Carry Set 



BEQ 

Branch on Result Zero 

ORA 

“OR” Memory with Accumulator 

BIT 

Test Bits in Memory with Accumulator 



BMI 

Branch on Result Minus 

PHA 

Push Accumulator on Stack 

BNE 

Branch on Result not Zero 

PHP 

Push Processor Status on Stack 

BPL 

Branch on Result Plus 

PLA 

Pull Accumulator from Stack 

BRK 

Force Break 

PLP 

Pull Processor Status from Stack 

BVC 

Branch on Overflow Clear 



BVS 

Branch on Overflow Set 

*RMB 

Reset Memory Bit 



ROL 

Rotate One Bit Left (Memory or 

CLC 

Clear Carry Flag 


Accumulator) 

CLD 

Clear Decimal Mode 

ROR 

Rotate One Bit Right (Memory or 

CLI 

Clear Interrupt Disable Bit 


Accumulator) 

CLV 

Clear Overflow Flag 

RTI 

Return from Interrupt 

CMP 

Compare Memory and Accumulator 

RTS 

Return from Subroutine 

CPX 

Compare Memory and Index X 



CPY 

Compare Memory and Index Y 

SBC 

Subtract Memory from Accumulator with 




Borrow 

DEC 

Decrement Memory by One 

SEC 

Set Carry Flag 

DEX 

Decrement Index X by One 

SED 

Set Decimal Mode 

DEY 

Decrement Index Y by One 

SEI 

Set Interrupt Disable Status 



*SMB 

Set Memory Bit 

EOR 

“Exclusive-Or” Memory with 

STA 

Store Accumulator in Memory 


Accumulator 

STX 

Store Index X in Memory 



STY 

Store Index Y in Memory 

INC 

Increment Memory by One 



INX 

Increment Index X by One 

TAX 

T ransfer Accumulator to Index X 

INY 

Increment Index X by One 

TAY 

T ransfer Accumulator to Index Y 



TSX 

Transfer Stack Pointer to Index X 

JMP 

Jump to New Location 

TXA 

T ransfer Index X to Accumulator 

JSR 

Jump to New Location Saving Return 

TXS 

Transfer Index X to Stack Register 


Address 

TYA 

Transfer Index Y to Accumulator 
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A.2 R6511Q AND R6500/13 INSTRUCTION SET SUMMARY TABLE 



NOTES 

LEGEND 

Ms 

= Memory Bit 6 

1 . Add 1 to N if page boundary is crossed 

X 

Index X 


= Add 

2. Add 1 to N if branch occurs to same page 

Y 

Index Y 

- 

= Subtract 

Add 2 to N if branch occurs to different page 

A 

Accumulator 

A 

= And 

3. Carry not = Borrow 

M 

Memory per effective address 

V 

= Or 

4. If in decimal mode Z flag is invalid 

M, = 

Memory per stack pointer 

V- 

= Exclusive Or 

accumulator must be checked on zero result. 

M, = 

Selecter zero page memory bit 

n 

= Number of cycles 

5. Effects 8-bit data field of the specified zero page address. 

M, = 

Memory Bit 7 

# 

= Number of Bytes 
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MSD 
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A.3 INSTRUCTION CODE MATRIX 


BRK 

ORA 

Implied 

(IND, X) 

1 7 

2 6 

BPL 

ORA 

Relative 

(IND), Y 

2 2** 

2 5* 

JSR 

AND 

Absolute 

(IND, X) 

3 6 

2 6 

BMI 

AND 

Relative 

(IND, Y) 

2 2** 

2 5* 

RTI 

EOR 

Implied 

(IND, X) 

1 6 

2 6 

BVC 

EOR 

Relative 

(IND), Y 

2 2** 

2 5* 

RTS 

ADC 

Implied 

(IND,X) 

1 6 

2 6 

BVS 

ADC 

Relative 

(IND, Y) 

2 2** 

2 5* 


STA 


(IND, X) 


2 6 

BCC 

STA 

Relative 

(IND, Y) 

2 2“ 

2 6 

LDY 

LDA LDX 

IMM 

(IND, X) IMM 

2 2 

2 6 2 2 

BCS 

LDA 

Relative 

(IND), Y 

2 2** 

2 5* 

CRY 

CMP 

IMM 

(IND, X) 

2 2 

2 6 

BNE 

CMP 

Relative 

(IND), Y 

2 2*» 

2 5* 

CPX 

SBC 

IMM 

(IND, X) 

2 2 

2 6 

BEQ 

SBC 

Relative 

(IND), Y 

2 2** 

2 5* 


5 

6 

7 

8 

ORA 

ASL 

RMBO 

PHP 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 3 

ORA 

ASL 

RMB1 

CLC 

ZP, X 

ZP, X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

AND 

ROL 

RMB2 

PLP 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 4 

AND 

ROL 

RMB3 

SEC 

ZP, X 

ZP,X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

EOR 

LSR 

RMB4 

PHA 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 3 

EOR 

LSR 

RMB5 

CLI 

ZP. X 

ZP, X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

ADC 

ROR 

RMB6 

PLA 

ZP 

ZP 

ZP 

implied 

2 3 

2 5 

2 5 

1 4 

ADC 

ROR 

RMB7 

SEI 

ZP, X 

ZP, X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

STA 

STX 

SMBO 

DEY 

ZP 

ZP 

ZP 

Implied 

2 3 

2 3 

2 5 

1 2 

STA 

STX 

SMB1 

7YA 

ZP, X 

ZP. Y 

ZP 

Implied 

2 4 

2 4 

2 5 

1 2 

LDA 

LDX 

SMB2 

TAY 

ZP 

ZP 

ZP 

Implied 

2 3 

2 3 

2 5 

1 2 

LDA 

LDX 

SMB3 

CLV 

ZP, X 

ZP, Y 

ZP 

Implied 

2 4 

2 4 

2 5 

1 2 

CMP 

DEC 

SMB4 

INY 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 2 

CMP 

DEC 

SMBS 

CLD 

ZP, X 

ZP. X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

SBC 

INC 

SMB6 

INX 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 2 

SBC 

INC 

SMB7 

SED 

ZP, X 

ZP, X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 


ORA 

IMM 

2 2 

ASL 

Accum 

1 2 



ORA 
ABS, Y 

3 4* 




AND 

IMM 

2 2 

ROL 

Accum 

1 2 


BIT 

ABS 

3 4 

AND 
ABS. Y 

3 4* 




EOR 

IMM 

2 2 

LSR 

Accum 

1 2 


JMP 

ABS 

3 3 

EOR 
ABS. Y 

3 4* 




ADC 

IMM 

2 2 

ROR 

Accum 

1 2 


JMP 

Indirect 

3 5 

ADC 
ABS. Y 

3 4* 





TXA 

Implied 

1 2 


STY 

ABS 

3 4 

STA 
ABS. Y 

3 5 

TXS 

Implied 

1 2 



LDA 

IMM 

2 2 

TAX 

Implied 

1 2 


LDY 

ABS 

3 4 

LDA 
ABS. Y 

3 4* 

TSX 

Implied 

1 2 


LDY 
ABS, X 

3 4* 

CMP 

IMM 

2 2 

DEX 

Implied 

1 2 


CPY 

ABS 

3 4 

CMP 
ABS, Y 

3 4* 




SBC 

IMM 

2 2 

NOP 

Implied 

1 2 , 


CPX 

ABS 

3 4 

SBC 
ABS, Y 

3 4* 





Implied — Addressing Mode 

1 7 —Instruction Bytes; Machine Cycles 


*Add 1 to N if page boundary is crossed. 
'*Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 

KEY REGISTER SUMMARY 


15 


PCH 


7 0 

I * [ ACCUMULATOR A 

7 0 

I Y I INDEX REGISTER Y Y 

7 0 

I X I INDEX REGISTER X X 

7 0 

I PCL I PROGRAM COUNTER PC 

7 0 

I SP I STACK POINTER S 

7 0 


|n|v| |b|o|||z|c[ processor STATUS REC P 

CPU Registers 



1 0 Abbr. Bus 

1 1 Mux’d Bus 

Mode Control Register 


7 6 5 4 3 2 1 0 



Processor Status Register 



Interrupt Enable and Flag Registers 


SCCR 


7 6 5 4 3 210 Addr 0015 


0~Odd Parity 
1~Even Parity 
0 Parity Disable 
I- 1 Parity Enable 
0 0~8 Bits/Char 

0 1~7 Bits/Char 

1 0~ 6 Bits/Char 

1 1 ~ 5 Bits/Char 


0 0 XMTR & RCVR ASYN Mode 

0 1 XMTR ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 


0 RCVR Disable 
L 1 RCVR Enable 
L 0 XMTR Disable 
1 XMTR Enable 


L RCVR Data 
Reg Full 
RCVR Over-Run 


Parity Error 
L Frame Error 
Wake-Up 

End of Transmission 
XMTR Data Reg Empty 
>- XMTR Under-Run 


Serial Communications Control Register 


Serial Communications Status Register 
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APPENDIX C 

ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


C.1 I/O AND INTERNAL REGISTER ADDRESSES 


ADDRESS 

(HEX) 

001 F 
IE 
1D 
1C 


IB 

1A 

19 

18 


17 

16 

15 

14 


13 

12 

11 

0010 


OF 

OE 

OD 

OC 

OB 

OA 

09 

08 

07 

06 

05 

04 


03 

02 

01 

0000 


READ 


WRITE 


Lower Counter B 
Upper Counter B 
Lower Counter B, CLR Flag 


Upper Latch B, Cntr B<— Latch B, CLR Flag 
Upper Latch B, Latch C<-Latch B 
Lower Latch B. 


Lower Counter A 
Upper Counter A 
Lower Counter A, CLR Flag 


Upper Latch A, Cntr A<^Latch A, CLR Flag 
Upper Latch A 
Lower Latch A 


Serial Receiver Data Register 
Serial Comm. Status Register 
Serial Comm. Control Register 
Mode Control Register 


Serial Transmitter Data Register 
Serial Comm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register 
Mode Control Register 


Interrupt Enable Register 
Interrupt Flag Register 
Read FF 


Interrupt Enable Register 

Clear Int Flag (Bits 0-3 only, Write O’s only) 


RESERVED 

These addresses are reserved and are used by the CPU during Read and Write 
operation over the external Data Bus (D0-D7). 


Port D 
Port C 
Port B 
Port A 


Port D 
Port C 
Port B 
Port A 
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C.2 FULL ADDRESS MODE 
MEMORY MAP 
R6511Q OR R6500/13 


C.3 FULL ADDRESS MODE 
MEMORY MAP 
R6500/13 ONLY 


FFFE 

IRQ VECTOR 




FFFC 

RES VECTOR 




FFFA 

NMI VECTOR 








001 F 



/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 



USER PROGRAM 

INTERNAL 

REGISTERS 

0010 



/ 


OOOF 

OOFF 

0040 

INTERNAL RAM (192) 

/ 

/ 

/ 

/ 

RESERVED . 



RESERVED 


0004 


/ 

I/O PORTS A, B, C, D 

0003 

001 F 

0000 I 

I/O & REGISTERS 


0000 


FFFE 

IRQ VECTOR 





(OPT RES VECTOR) 




FFFA 

NMI VECTOR 





USER PROGRAM 






/ 

/ 

/ 

/ 

/ 



7FFE 

RES VECTOR 



7FFD 

7F00 

BOOT STRAP 

ROM (254) 

INTERNAL 

REGISTERS 


USER PROGRAM 

/ 

/ 

/ 

/ 

/ 


0010 




/ 


OOOF 

OOFF 

0040 

INTERNAL RAM (192) 

/ 

/ 

/ 

/ 

/ 

RESERVED 



RESERVED 


0004 



0003 

001 F 

0000 

I/O & REGISTERS 

I/O PORTS A, B, C, D 

0000 


C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS— PORT C AND PORT D 


PIN 

FULL ADDRESS 

I/O PORT 

ABBREVIATED PORT 

MULTIPLEXED PORT 

NUMBER 

MODE 

FUNCTION 

FUNCTION 

FUNCTION 

54 

PCO 

PCO 

AO 

AO 

55 

PCI 

PCI 

A1 

A1 

56 

PC2 

PC2 

A2 

A2 

57 

PC3 

PC3 

A3 

A3 

58 

PC4 

PC4 

A12 

A12 

59 

PC5 

PC5 

R/W 

R/W 

60 

A13 

PC6 

A13 

A13 

61 

A14 

PC7 

EMS 

EMS 

62 

PDO 

PDO 

DO 

A4/D0 

63 

PD1 

PD1 

D1 

A5/D1 

64 

PD2 

PD2 

D2 

A6/D2 

1 

PD3 

PD3 

D3 

A7/D3 

2 

PD4 

PD4 

D4 

A8/D4 

3 

PD5 

PD5 

D5 

A9/D5 

4 

PD6 

PD6 

D6 

A10/D6 

5 

PD7 

PD7 

D7 

A11/D7 
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APPENDIX D 

ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc & Vrr 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

-0.3 to +7.0 

Vdc 

Operating Temperature 
Commercial 

Industrial 

Ta 

Tl to Th 

0 to +70 
-40 to +85 

°C 

Storage Temperature 

Tstg 

-55 to +150 

°C 


‘NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vrr = Vcc; Vss = OV; Ta = 0° to 70°, unless otherwise specified) 


Parameter 

Symbol 

Min 

Typi 

Max 

Unit 

Test Conditions 

RAM Standby Voltage (Retention Mode) 

Vrr 

3.0 


o< 

o 

V 


RAM Standby Current (Retention Mode) 

Irr 




mA 

Ta = 25«C 

Commercial 


— 

4 

— 



Industrial 


— 

5.2 

— 



Input High Voltage 

V,H 




V 


All Except XTLI and 02 in Slave Option 


+ 2.0 

— 

Vcc 



XTLI and 02 in Slave Option 


+ 4.0 

— 

Vcc 



Input Low Voltage 

V,L 

-0.3 

- 

+ 0.8 

V 


Input Leakage Current 

l|N 

— 

— 

±10.0 

fiA 

V|N = 0 to 5.0V 

RES, NMI 







Input Low Current 

l|L 

_ 

-1.0 

-1.6 

mA 

V|L = 0.4V 

PA, PB, PC, PD 







Output High Voltage (Except XTLO) 

X 

O 

> 

+ 2.4 

- 

Vcc 

V 

•load = -100 /tA 

Output Low Voltage 

VoL 

- 

- 

+ 0.4 

V 

•load =1-6 mA 

I/O Port Pull-Up Resistance 

Rl 

3.0 

6.0 

11.5 

Kohm 


PA0-PA7, PB0-PB7, PC0-PC7 







Output Leakage Current (Three-State Off) 

•out 

- 

- 

±10 

aA 


Input Capacitance 

C|N 




PF 

Ta = 25° C 

XTLI, XTLO 


— 

— 

50 


V,N = OV 

All Others 


— 

— 

10 


f = 1.0 MHz 

Output Capacitance (Three-State Off) 

CquT 

— 

— 

10 

PF 

Ta = 25° C 

V|N = OV 







f = 1.0 MHz 

Power Dissipation (Outputs High) 

Pd 

— 



mW 

Ta = 0°C 

Commercial 


— 

750 

1100 



Industrial 


— 

— 

1200 



Notes: 







1. Typical values measured at T^ = 25°C and Vcc = 5.0V. 






2. Negative sign indicates outward current flow, positive indicates inward flow. 
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APPENDIX E 

TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES 

1 . Vcc = 5V ±5%, 0°C ^ TA ^ 70°C 6. Example of External Chip Select (Multiplexed Bus) 


2. 

3. 

4. 

5. 


A valid Vcc/RES sequence is required before proper 
operation is achieved. 


All timing reference leveis are 0.8V and 2.0V, unless 
otherwise specified. 




All time units are nanoseconds, unless otherwise specified. 


All capacitive ioading is 130pf maximum, except as noted 
below: 


PA, PB — 

PC (I/O Modes Only) — 

PC (ABB and Mux Mode) — 

PC6, PC7 (Full Address Mode) — 


50pf maximum 

A13- 

50pf maximum 

A12- 

130pf maximum 

130pf maximum 

A11 - 


5 




G2B 

Y7 

4 

G2A 

Y6 



Y5 

6 

G1 74LS138 

Y4 



Y3 

3 

C 

Y2 

2 

B 

Y1 

1 

A 

YO 


3800-3FFF 
3000-37FF 
2800-2FFF 
2000-27FF 
1800-1 FFF 
1 000-1 7FF 
0800-0FFF 
0100-07FF 


E.2 CLOCK TIMING 


Note that both EMS and Phase 2 {(t> 2 ) must be used to correctly 
enable the chip selects in the multiplexed or abbreviated bus modes. 


SYMBOL 

PARAMETER 

1 MHz 

2 MHz 

MIN 

MAX 

MIN 

MAX 

Tcyc 

Cycle Time 

1000 

10 fis 

500 

^0 fxs 

Tpwxi 

XTLI Input Clock 

Pulse Width 

XTLO = VSS 

500 
± 25 


250 
± 10 


TpW02 

Output Clock Pulse 
Width at Minimum 
Tcyc 

Tpwxi 

Tpwxi 

± 25 

Tpwxi 

Tpwxi 
± 20 

Tr.Tp 

Output Clock Rise, 
Fall Time 

— 

25 

— 

15 

Tm, T,p 

Input Clock Rise, 

Fall Time 

— 

10 

— 

10 



3-168 







R6511Q Microprocessor and R6500/13 Microcomputer 


E.3 ABBREVIATED MODE TIMING— PC AND PD 

(MCR 5 = 1, MCR 6 = 0, MCR 7 = 1) 


SYMBOL 

PARAMETER 

1 MHz 

2 MHz 

MIN 

MAX 

MIN 

MAX 

TpcRS 

(PCS) R/W Setup Time 

— 

22S 

- 

140 

TpCAS 

(PC0-PC4, PC6) Address Setup Time 

- 

22S 

- 

140 

TpBSU 

(PD) Data Setup Time 

SO 

- 

3S 

- 

TpBHR 

(PD) Data Read Hold Time 

10 

— 

10 

— 

TpBHW 

(PD) Data Wdte Hold Time 

30 

- 

30 

- 

TpBDD 

(PD) Data Output Delay 

— 

17S 

- 

ISO 

TpCHA 

(PC0-PC4, PC6) Address Hold Time 

30 

— 

30 

— 

TpCHR 

(PCS) R/W Hold Time 

30 

- 

30 

— 

TpCHV 

(PC7) El^ Hold Time 

10 

- 

10 

- 

TpcVP 

(PC7) EMS Stabilization Time 

30 

- 

30 

- 

Tesu 

EMS Setup Time 

- 

3S0 

- 

210 


E.3.1 Abbreviated Mode Timing Diagram 



3-169 





R6511Q Microprocessor and R6500/13 Microcomputer 


E.4 MULTIPLEXED MODE TIMING— PC AND PD 

(MCR 5=1, MCR 6 = 1, MCR 7 = 1) 




1 l\ 

1Hz 

2 MHz 



MIN 

MAX 

MIN 

MAX 

TpCRS 

(PCS) R/W Setup Time 

- 

22 s 

- 

140 

TpCAS 

(PC0-PC4, PC6) Address Setup Time 

- 

22 s 

- 

140 

TpBAS 

(PD) Address Setup Time 

- 

22 s 

- 

140 

TpBSU 

(PD) Data Setup Time 

SO 

- 

3S 

- 

TpBHR 

(PD) Data Read Hold Time 

10 

- 

10 

- 

TpBHW 

(PD) Data Write Hold Time 

30 

- 

30 

- 

TpBDD 

(PD) Data Output Delay 

- 

17S 

- 

ISO 

TpCHA 

(PC0-PC4, PC6) Address Hold Time 

30 

- 

30 

- 

TpBHA 

(PD) Address Hold Time 

10 

100 

10 

80 

TpCHR 

(PCS) R/W Hold Time 

30 

- 

30 

- 

TpcHV 

(PC7) EMS Hold Time 

10 

- 

10 

- 

T (1) 

1 PCVD 

(PC7) Address to EMS Delay Time 

30 


30 


Tpcvp 

(PC7) EMS Stabilization Time 

30 

- 

30 

- 

Tesu 

EMS Setup Time 

— , 

3S0 I 

1 

1 

210 


I NOTE 1 : Values assum e PC0-PC4, PC6 and PC7 have the same capacitive load. 

E.4.1 Multiplex Mode Timing Diagram 

READ^ 

"02^1 1/ 
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E.5 I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 


SYMBOL 

PARAMETER 

1 MHz 

2 MHz 1 

MIN 

MAX 

MIN 

MAX 

w 

Internal Write to Peripheral Data Valid 

PA, PB, PC TTL 


500 


500 

Tcmos'" 

PA, PB, PC CMOS 

— 

1000 

— 

1000 

TpDDvv 

PD 

— 

175 

— 

150 

TpDSU 

Peripheral Data Setup Time 

PA, PB, PC 

200 


200 


Tposu 

PD 

50 

— 

50 

— 

Tphr 

Peripheral Data Hold Time 

PA. PB, PC 

75 


75 


TpHR 

PD 

10 

— 

10 

— 

Tepw 

PA0-PA3 Edge Detect Pulse Width 

Tcyc 

- 

Tcyc 

- 

Tcpw 

Counters A and B 

PA4, PAS Input Pulse Width 

Tcyc 


Tcyc 


Tcd"’ 

PA4, PAS Output Delay 

— 

500 

— 

500 

TpBLW 

Port B Latch Mode 

PAO Strobe Pulse Width 

Tcyc 


Tcyc 


TpLSU 

PB Data Setup Time 

175 

— 

150 

— 

TpBLH 

PB Data Hold Time 

30 

— 

30 

— 

Tp 

Serial I/O 

PA6 XMTR TTL 


500 

1 

500 

Tcmos'" 

PAS XMTR CMOS 

— 

1000 

— 

1000 

Tcpw 

PA4 RCVR S/R Clock Width 

4 Tcyc 

— 

4 Tcyc 

— 

TpDw”’ 

PA4 XMTR Clock— S/R Mode (TTL) 

— 

500 

— 

500 

Tcmos”’ 

PA4 XMTR Clock— S/R Mode (CMOS) 

— 

1000 

— 

1000 


NOTE 1 ; Maximum Load Capacitance: 50pF 
Passive Pull-Up Required 


E.5.1 I/O, Edge Detect, Counter, and Serial I/O Timing 


02 

PA0-PA7 
PB0-PB7- 
PC0-PC7 _ 
PD0-PD7 


EDGE DETECTS 
(PA0-PA3) 


CNTR 
PA4, PAS 


CNTR 
(PA4, PAS) 


PD0-PD7 


PA0-PA7' 

PC0-PC7 

PB0-PB7_ 






1.SV 




I.SV^ 

/ 

f ^ 

«^1.5V 

TPDSU 

1 1 



L 



— ► 


TEPW 


>c 


1.5V-/ 


TCPW 


1.5V4 


TCPW 


TCMOS 


VDD— 30% 


(LATCH MODE) 4 

J 

< 

pyyO STROBE 

/l.5V 1.5V\^ 



T 1 . T 


— TpeLH 

’ PLSU ' PBLW ► 
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R6518 

Rockwell 

One-Chip Microprocessor 


INTRODUCTION 


FEATURES 

• Enhanced 6502 CPU 

— Four new bit manipulation instructions: 

Set Memory Bit (SMB) 

Reset Memory Bit (RMB) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 

— Decimal and binary arithmetic modes 

— 13 addressing modes 

— True indexing 

• 192-byte static RAM 

• 16 TTL-compatible I/O lines 

• One 8-bit port with programmable latched input 

• Two 16-bit programmable counter/timers, with latches 

— Pulse width measurement 

— Asymmetrical pulse generation 

— Pulse generation 

— Interval timer 

— Event counter 

— Retriggerable interval timer 

• Serial port 

— Full-duplex asynchronous operation mode 

— Selectable 5- to 8-bit characters 

— Wake-up feature 

— Synchronous shift register mode 

— Standard programmable bit rates, programmable up to 
62. 5K bits/sec @ 1 MHz 

• Ten interrupts 

— Four edge-sensitive lines; two positive, two negative 

— Reset 

— Non-maskable 

— Two counter underflows 

— Serial data received 

— Serial data transmitted 

• 16K bytes of external memory addressing 

• Flexible clock circuitry 

— 2 MHz or 1 MHz internal operation 

— Internal clock with external 2 MHz to 4 MHz series resonant 
XTAL at two times internal frequency 

— External clock input divided by one or two 

• 1 fiS minimum instruction execution time @ 2 MHz 

• NMOS-3 silicon gate, depletion load technology 

• Single +5V power supply 

• 12 mW stand-by power for 32 bytes of the 192-byte RAM 

• 40-pin DIP 

• 44-pin PLCC 


SUMMARY 

The Rockwell R6518 one-chip microprocessor is a complete 8-bit 
microcomputer on a single VLSI chip with the exception of 
external user-provided application ROM. The R6518 interfaces 
with up to 16K bytes of external memory via a multiplexed 
address/data bus. 


The R6518 consists of an enhanced R6502 CPU, an internal 
clock oscillator, 192 bytes of Random Access Memory (RAM) 
and versatile interface circuitry. The interface circuitry includes 
two 16-bit programmable timer/counters, 16 bidirectional 
input/output lines (including four edge-sensitive lines and input 
latching on one 8-bit port), a full-duplex serial I/O channel, ten 
interrupts and 16K of external address space. 


The innovative architecture and the demonstrated high perform- 
ance of the R6502 CPU, as well as instruction simplicity, results 
in system cost-effectiveness and a wide range of computation- 
al power. These features make this device a leading candidate 
for microprocessor applications. 


Rockwell supports development of R6500/* single-chip micro- 
computer applications with the Rockwell Design Center Low Cost 
Emulator (LCE) and R6500/* Personality Set. Program assem- 
bly can be performed on any user-provided computer using an 
assembler generating R6500/* machine code. The machine 
code can then be downloaded via an RS-232-C serial channel 
to the LCE for program debugging and in-circuit emulation. Refer 
to the RDC-3101/2 LCE and RDC-3XX R6500/* Personality Set 
data sheets, Order No.s RDC17 and RDC06, respectively, for 
detailed information. 


This product description is for the reader familiar with the R6502 
CPU hardware and programming capabilities. A detailed descrip- 
tion of the R6502 CPU hardware is included in the R6500 
Microcomputer System Hardware Manual (Order No. 201). A 
description of the instruction capabilities of the R6502 CPU is 
contained in the R6500 Microcomputer System Programming 
Manual (Order No. 202). 

CUSTOMER OPTIONS 

The R6518 is available in 1 MHz (no suffix letter) or 2 MHz 
(A suffix) versions. 


Document No. 29651 N92 
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ORDERING INFORMATION 


INTERFACE 


Part Number: 
R6518 


Temperature Range (Tl to Th): 
Blank = 0“Cto+70°C 

E = -40°C to +85°C 


This section presents the interface requirements for the R6518 
single-chip microprocessor. Figure 1 is the Interface Diagram, 
Figure 2 shows the pin configurations and Table 1 describes the 
function of each pin. A detailed block diagram of the device and 
its internal function is illustrated in Figure 3. Package dimensions 
are illustrated in the last section. 


Package 


C = 40-Pin Ceramic DIP 
P = 40-Pin Plastic DIP 
j = 44-Pin Plastic Leaded 
Chip Carrier (PLCC) 


Frequency 
1 = 
A = 


CLOCK 

OSCILLATOR 


EDGE DETECT 


INTERRUPT 

LOGIC 


PA0-PA7 (EDGE DETECTS: 

PAO, PA1 POSITIVE 
]8C^ PA2, PAS NEGATIVE) 

DS(PAO) (INPUT DATA STROBE)* 



]8C^ PB0-PB7 (LATCHED INPUTS) 


EXTERNAL 

ADDRESS/DATA 

BUS 


]8[;^ AO-AS, A12, R/W, A13, EMS 
]8C^ DATA (D0-D7)/ADDR BUS (A4-A11) 


CONTROL 

REGISTERS 


16-BIT 

COUNTER/LATCH A 


- CA (PA4)* 
. CB (PA5)* 


16-BIT 

COUNTER/LATCH B 


SERIAL RECEIVE, 

TRANSMIT 

REGISTERS 


. SO (PA6)* 
. SI (PAT)* 


*MULTIPLEXED FUNCTION PINS 


Figure 1. Interface Diagram 
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Figure 2. R6518 Pin Assignments 


Table 1. Pin Description 



Pin Number 


Signal Name 

DIP 

PLCC 

Description 

Vcc 

21 

24 

Main power supply -i-5V 

Vrr 

39 

42 

Separate power pin for RAM. In the event that Vqc power is lost, this power retains 32 bytes of RAM Data. 

Vss 

40 

44 

Signal and power ground (OV) 

XTLI 

2 

3 

Crystal or clock input for internal clock oscillator. Also allows input of XI clock signal if XTLO is connected 
to Vss> or X2 clock if XTLO is floated. 

XTLO 

1 

2 

Crystal output from internal clock oscillator. 

RES 

20 

21 

The Reset input is used to initialize the device. This signal must not transition from low to high for at least 
eight cycles after Vcc reaches operating range and the internal oscillator is stabilized. 

02 

3 

4 

Clock signal output at internal frequency. i 

NMi 

22 

25 

A negative going edge on the Non-Maskable Interrupt signal requests that a non-maskable interrupt be 
generated within the CPU. 

PA0-PA7 

PB0-PB7 

30-23 

38-31 

33-26 

41-34 

Two 8-bit ports used for either input/output. Each line of Ports A and B consists of an active transistor to 

Vss and a passive pull-up to Vcc- 

A0-A3, A12, R/W 
A13, & EMS 

4-11 

5-12 

The address and timing pins have an active transistor to Vss and a passive pull-up to Vcc- 

A4-A11/D0-D7 

19-12 

20-13 

These multiplexed address/data pins have active pull-up and pull-down transistors. 

NC 



1,22 

23,43 

No connection. These pins should be left open. 
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SYSTEM ARCHITECTURE 


This section provides a functional description of the R6518. 
Functionally it consists of a CPU, RAM memory, two 8-bit parallel 
I/O ports, a serial I/O port, dual counter/latch circuits, a mode 
control register, and an interrupt flag/enable dual register circuit. 
A block diagram of the system is shown in Figure 3. 

NOTE 

Throughout this document, unless specified otherwise, all 
memory or register address locations are specified in 
hexadecimal notation. 


CPU LOGIC 

The internal CPU is a standard 6502 configuration with an 8-bit 
Accumulator register, two 8-bit index registers (X and Y); an 8-bit 
Stack Pointer register, an ALU, a 16-bit Program Counter, and 
standard instruction register/decode and internal timing control 
logic. 

ACCUMULATOR 

The Accumulator is a general purpose 8-bit register that stores 
the results of most arithmetic and logic operations. In addition, 
the Accumulator usually contains one of the two data words used 
in these operations. 

INDEX REGISTERS 

There are two 8-bit index registers, X and Y. Each index register 
can be used as a base to modify the address data program 
counter and thus obtain a new address— the sum of the pro- 
gram counter contents and the index register contents. 

When executing an instruction which specifies indirect address- 
ing, the CPU fetches the op code and the address, and modifies 
the address from memory by adding the index register to it prior 
to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, especially 
those using data tables. 

STACK POINTER 

The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack ma nipu lation in response to either 
user instructi ons, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 

The stack allows simple implementation of multiple level Inter- 
rupts, subroutine nesting and simplification of many types of data 
manipulation. The JSR, BRK, RTI and RTS instructions use the 
stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may only 
be accessed from the top. The address of a memory location 
is stored (or “pushed”) onto the stack. Each time data are to 
be pushed onto the stack, the Stack Pointer is placed on the 
Address Bus, data are written into the memory location 
addressed by the Stack Pointer, and the Stack Pointer is 
decremented by 1. Each time data are read (or “pulled”) from 
the stack, the Stack Pointer is incremented by 1. The Stack 
Pointer is then placed on the Address Bus, and data are read 
from the memory location addressed by the Pointer. 

The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer indeter- 
minate, normal usage calls for its initialization at OOFF. 

ARITHMETIC AND LOGIC UNIT (ALU) 

All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data for 
more than one cycle. If data are placed on the inputs to the ALU 
at the beginning of a cycle, the result is always gated into one 
of the storage registers or to external memory during the next 
cycle. 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using the 
data on the two inputs. 

PROGRAM COUNTER 

The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions in 
a program. Each time the processor fetches an instruction from 
program memory, the lower (least significant) byte of the Pro- 
gram Counter (PCL) is placed on the low-order bits of the 
Address Bus and the higher (most significant) byte of the 
Program Counter (PCH) is placed on the high-order 8 bits of the 
Address Bus. The Counter is incremented each time an instruc- 
tion or data is fetched from program memory. 

INSTRUCTION REGISTER AND INSTRUCTION DECODE 

Instructions are fetched from ROM or RAM and gated onto the 
Internal Data Bus. These instructions are latched into the Instruc- 
tion Register then decoded along with timing and interrupt 
signals to generate control signals for the various registers. 

TIMING CONTROL 

The Timing Control Logic keeps track of the specific instruction 
cycle being executed. This logic is set to TO each time an 
instruction fetch is executed and is advanced at the beginning 
of each Phase One clock pulse for as many cycles as are 
required to complete the instruction. Each data transfer which 
takes place between the registers is caused by decoding the 
contents of both the instruction register and timing control unit. 
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INTERRUPT LOGIC 

Inter rupt logic cont rols the sequencing of three interrupts; RES, 
NMI and IRQ. IRQ is generated by any one of eight conditions: 
2 Counter Overflows, 2 Positive Edge Detects, 2 Negative Edge 
Detects, and 2 Serial Port Conditions. 

The R6518 requires that 3-byte JMP instructions for NMI, RES 
and IRQ be programmed in user-provided external ROM at hex 
locations 3FF7, 3FFA and 3FFD, respectively. These Instruc- 
tions must jump to the first instruction of the respective reset 
or interrupt handler routine. Terminate the interrupt handler rou- 
tin es as normal with an RTI. See Power-On Reset for details 
of RES internal initialization. 

NEW INSTRUCTIONS 

In addition to the standard 6502 instruction set, four instructions 
have been added to the device to simplify operations that previ- 
ously required a read/modify/write operation. In order for these 
instructions to be equally applicable to either I/O port, with or 
without mixed input and output functions, the I/O ports have been 
designed to read the contents of the specified port data register 
during the Read cycle of the read/modify/write operation, rather 
than I/O pins as in normal read cycles. The added instructions 
and their format are explained in the following subparagraphs. 
Refer to Appendix A for the Op Code mnemonic addressing 
matrix for these added instructions. 

SET MEMORY BIT (SMB m, ADDR.) 

This instruction sets to “1” one of the 8 bits specified by the 
zero page address (memory or I/O port). The first byte of the 
instruction specifies the SMB operation and 1 of 8 bits to be set. 
The second byte of the instruction designates address (00-FF) 
of the byte or I/O port to be operated upon. 

RESET MEMORY BIT (RMB m, ADDR.) 

This instruction is the same in operation and format as the SMB 
instruction except that a reset to “0” of the bit results. 

BRANCH ON BIT SET RELATIVE (BBS m, ADDR, DEST) 

This instruction tests one of 8 bits designated by a three bit 
immediate field within the first byte of the instruction. The second 
byte is used to designate the address of the byte to be tested 
within the zero page address range (memory or I/O ports). The 
third byte of the instruction is used to specify the 8 bit relative 
address to which the instruction branches if the bit tested is a 
“1”. If the bit tested is not set, the next sequential instruction 
is executed. 

BRANCH ON BIT RESET RELATIVE 
(BBR m, ADDR, DEST) 

This instruction is the same in operation and format as the BBS 
instruction except that a branch takes place if the bit tested is 
a “0”. 

READ ONLY MEMORY (ROM) 

This device has no internal application ROM. Up to 16K of 
external memory can be attached via the 16 address/data and 
timing pins. 

RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 1 92 bytes of read/write memory with an 
assigned page zero address of 0040 through OOFF. The 


R6518 provides a separate power pin (Vrr) which may be used 
for standby power for 32 bytes located at 0040-005F. In the event 
of the loss of Vcc power, the lowest 32 bytes of RAM data will 
be retained if standby power is supplied to the Vrr pin. If the 
RAM data retention is not required then Vrr must be connect- 
ed to Vcc- During operation Vrr must be at the Vcc l^vel. 

For the RAM to retain data upon lo ss of Vcc. Vrr must be sup- 
plied within operating range and RES must be driven low at 
least e ight 02 clock pulses before Vcc out of operating 
range. RES must then be held low while Vcc is out of operating 
range and until at least eight 02 clock cycles after Vcc is again 
within operating range and the internal 02 oscillator is stabil- 
ized. Vrr must remain within Vcc operating range during 
normal operation. When Vcc is out of operating range, Vrr 
must remain within the Vrr retention range in order to retain 
data. Figure 4 shows typical waveforms. 



Figure 4. Data Retention Timing 


CLOCK OSCILLATOR 

A reference frequency can be generated with the on-chip oscil- 
lator using an external crystal. The oscillator reference frequency 
passes through an internal countdown network (divide by 2) to 
obtain the internal operating frequency (see Figure 5a). The 
on-chip oscillator is designed for a parallel resonant crystal con- 
nected between XTLI and XTLO pins. The equivalent oscillator 
circuit is shown in Figure 5. 

A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator operation, 
the load capacitance (Cl), series resistance (Rs) and the crys- 
tal resonant frequency (F) must meet the following two relations: 

(C + 27) = 2Cl or C = 2Cl - 27 pF 


where: F is in MHz; Cl is in pF; and R is in ohms. 

To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer’s catalog. Next, 
calculate Rsmax based on F and Cl. The selected crystal must 
have a Rs less than the Rsmax- 
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For example, if Cl = 22 pF for a 4 MHz parallel resonant crys- 
tal, then 


C = (2 X 22) - 27 = 17 pF 
(use standard value of 18 pF) 

The series resistance of the crystal must be less than 
2x10® 

Rsmax = 7 = 258 ohms 

(4 X 22)2 

Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 5b shows typical con- 
nections. If XTLO is left floating, the external source is divided 
by the internal countdown network. However, if XTLO is tied to 
Vss. fhe internal countdown network is bypassed causing the 
chip to operate at the frequency of the external source. 




A. CRYSTAL INPUT 


2-4 MHz 




XTLI 


NC q XTLO 


1-2 MHz 


Vc., 1 


XTLI 


J XTLO 

Vss ^ 

B. CLOCK INPUTS 


Figure 5. Clock Oscillator Input Options 

MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains a control bit for Port B 
and mode select bits for Counter A and Counter B. Its setting, 
along with the setting of the Serial Communications Control 
Register (SCCR), determines the basic configuration of the 
device in any application. Initializing this register is one of the 
first actions of any software program. MCR bits 7, 6, 5 must 
remain Is in order for external memory referencing to be 
enabled. The Mode Control Register bit assignment is shown 
in Figure 6. 


Figure 6. Mode Control Register 

The use of Counter A Mode Select is shown in Section 
“Counter A”. 

The use of Counter B Mode Select is shown in Section 
“Counter B’’. 

The use of Port B Latch Enable is shown in Section 
“PortB(PB)’’. 


INTERRUPT FLAG REGISTER (IFR) AND 
INTERRUPT ENABLE REGISTER (lER) 

An IRQ interrupt request can be initialized by any or all of eight 
possible sources. These sources are all capable of being ena- 
bled or disabled by the use of the appropriate interrupt enabled 
bits in the Interrupt Enable R egist er (lER). Multiple simultane- 
ous interrupts will cause the IRQ interrupt request to remain 
active until all interrupting conditions have been serviced and 
cleared. 

The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents of 
the Interrupt Flag Register may be examined at any time by read- 
ing at address: 0011. Edge detect IFR bits may be cleared by 
executing a RMB instruction at address location 0010. The RMB 
X, (0010) instruction reads FF, modifies bit X to a “0”, and writes 
the modified value at address location 001 1 . In this way IFR bits 
set to a “1” after the read cycle of a Read-Modify-Write instruc- 
tion (such as RMB) are protected from being cleared. A logic 
“1” is ignored when writing to edge detect IFR bits. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a “1“ by writing a “1“ in the respec- 
tive bit position at location 0012. Individual lER bits m ay be 
cleared by writing a “0“ in the respective bit position, or by RES. 
If set to a “1 ”, an IRQ will be generated when the correspond- 
ing IFR bit becomes true. The Interrupt Flag Register and Inter- 
rupt Enable Register bit assignments are shown in Figure 7 and 
the functions of each bit are explained in Table 2. 
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PROCESSOR STATUS REGISTER 

The 8-bit Processor Status Register, shown in Figure 8 contains 
seven status flags. Some of these flags are controlled by the 
user program; others may be controlled both by the user’s pro- 
gram and the CPU. The R6502 instruction set contains a num- 
ber of conditional branch instructions which are designed to allow 
testing of these flags. Each of the eight processor status flags 
is described in the following sections. 

CARRY BIT (C) 

The Carry Bit (C) can be considered as the ninth bit of an arith- 
metic operation. It is set to logic 1 if a carry from the eighth bit 
has occurred or cleared to logic 0 if no carry occurred as the 
result of arithmetic operations. 

The Carry Bit may be set or cleared under program control by 
use of the Set Carry (SEC) or Clear Carry (CLC) instruction, 
respectively. Other operations which affect the Carry Bit are 
ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, RQR, RTI, and 

Figure 7. Interrupt Enable and Flag Registers SBC. 



Table 2. Interrupt Flag Register Bit Codes 


Bit 

Code 

Function 

IFR 0: 

PAO Positive Edge Detect Flag— Set to a “1” when a positive going edge is detected on PAO. 

Cleared by RMB 0 (0010) instruction or by RES. 

IFR 1: 

PA1 Positive Edge Detect Flag — Set to a 1 when a positive going edge is detected on PA1 . 

Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2: 

PA2 Negative Edge Detect Flag— Set to a 1 when a negative going edge is detected on PA2. 

Cleared by RMB 2 (0010) instruction or by RES. 

IFR 3; 

PA3 Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on PA3. 

Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: 

Counter A Underflow Flag— Set to a 1 when Counter A underflow occurs. Cleared by reading the 

Lower Counter A at location 0018, by writing to address location 001 A, or by RES. 

IFR 5: 

Counter B Underflow Flag— Set to a 1 when Counter B underflow occurs. Cleared by reading the 

Lower Counter B at location 001 C, by writing to address location 001 E, or by RES. 

IFR 6; 

Receiver Interrupt Flag— Set to a 1 when any of the Serial Communication Status Register bits 

0 through 3 is set to a 1 . Cleared when the Receiver Status bits (SCSRO-3) are cleared or by RES. 

IRF 7: 

Transmitter Interrupt Flag— Set to a 1 when SCSR6 is set to a 1 while SCSR5 is a 0 or SCSR7 
is set to a 1. Cleared when the Transmitter Status bits (SCSR6 & 7) are cleared or by RES. 
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7 6 5 4 3 2 1 0 


N 

□ 

□ 

B 


r 

T 



r r r r I 

■— CARRY (C) © 

1 = CARRY SET 
0 = CARRY CLEAR 

L-ZERO (Z) O 
1 =ZERO RESULT 
0 = NON-ZERO RESULT 

‘—INTERRUPT DISABLE (I) @ 

1 =iRQ INTERRUPT DISABLED 
0 = IRQ INTERRUPT ENABLED 

‘—DECIMAL MODE (D) © 

1 = DECIMAL MODE 
0 = BINARY MODE 

— BREAK COMMAND (B) © 

1= BREAK COMMAND 
0 = NON-BREAK COMMAND 

— OVERFLOW (0) © 

1 = OVERFLOW SET 
0 = OVERFLOW CLEAR 

NEGATIVE (N) © 

1 = NEGATIVE VALUE 
0 = POSITIVE VALUE 

NOTES; 

© NOT INITIALIZED BY ^ 

® SET TO LOGIC 1 BY RK 


Figure 8. Processor Status Register 
ZERO BIT (Z) 

The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to zero. 
This bit is cleared to logic 0 when the resultant 8 bits of a data 
movement or calculation operation are not all zero. The R6500 
instruction set contains no instruction to specifically set or clear 
the Zero Bit. The Zero Bit is, however, affected by the following 
instructions: ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, 
DEY, EOR, INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, 
PLP, ROL, ROR, RTI, SBC, TAX, TAY, TXA, TSX, and TYA. 

INTERRUPT DISABLE BIT (I) 

The Interrupt Disable Bit (I) is used to control the servicing of 
an interrupt request (IRQ). If the I Bit is reset to logic 0, the IRQ 
signal will be serviced. If the bit is set to logic 1 ,* the IRQ signal 
will be ignore d. The CPU will set the Interrupt Disabl e Bit t o logic 
1 if a RESET (RES), IRQ, or Non-Maskable Interrupt (NMI) signal 
is detected. 

The I bit is cleared by the Clear Interrupt Mask Instruction (CLI) 
and is set by the Set Interrupt Mask Instruction (SEI). This bit 
is set by the BRK Instruction. The Return from Interrupt (RTI) 
and Pull Processor Status (PLP) instructions will also affect the 
I bit. 

DECIMAL MODE BIT (D) 

The Decimal Mode Bit (D), is used to control the arithmetic mode 
of the CPU. When this bit is set to logic 1 , the adder operates 


as a decimal adder. When this bit is cleared to logic 0, the adder 
operates as a straight binary adder. The adder mode is controlled 
only by the programmer. The Set Decimal Mode (SED) instruc- 
tion will set the D bit; the Clear Decimal Mode (CLD) instruction 
will clear It. The PLP and RTI instructions also effect the Decimal 
Mode Bit. 


CAUTION 

The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- 
gram or erroneous results may occur. 


BREAK BIT (B) 

The Break Bit (B) is used to determine the con dition which 
caused the IRQ service routine to be entered. If the IRQ service 
routine was entered because the CPU execu ted a BRK com- 
mand, the Break Bit will b e set to logic 1 . If the IRQ routine was 
entered as the result of an IRQ signal being generated, the B bit 
will be cleared to logic 0. There are no instructions which can 
set or clear this bit. 

OVERFLOW BIT (V) 

The Overflow Bit (V) is used to indicate that the result of a signed, 
binary addition, or subtraction, operation is a value that cannot 
be contained in seven bits (-128 < n < 127). 

This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or SBC 
instruction Is performed, the Overflow Bit is set to logic 1 if the 
polarity of the sign bit (bit 7) is changed because the result 
exceeds + 127 or -128; otherwise the bit is cleared to logic 0. 
The V bit may also be cleared by the programmer using a Clear 
Overflow (CLV) Instruction. 

The Overflow Bit may also be used with the BIT instruction. The 
BIT instruction which may be used to sample interface devices, 
allows the overflow flag to reflect the condition of bit 6 in the 
sampled field. During a BIT instruction the Overflow Bit is set 
equal to the content of the bit 6 on the data tested with BIT 
Instruction. When used in this mode, the overflow has nothing 
to do with signed arithmetic, but is just another sense bit for the 
microprocessor. Instructions which affect the V flag are ADC, 
BIT, CLV, PLP, RTI and SBC. 

NEGATIVE BIT (N) 

The Negative Bit (N) is used to indicate that the sign bit (bit 7), 
in the resulting value of a data movement or data arithmetic oper- 
ation, is set to logic 1 . If the sign bit is set to logic 1 , the result- 
ing value of the data movement or arithmetic operation is 
negative; If the sign bit is cleared, the result of the data move- 
ment or arithmetic operation is positive. There are no instruc- 
tions that set or clear the Negative Bit since the Negative Bit 
represents only the status of a result. The instructions that effect 
the state of the Negative Bit are: ADC, AND, ASL, BIT, CMP, 
CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, LDA, LDX, 
LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, SBC, TAX, TAY, 
TSX, TXA, AND TYA. 
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PARALLEL INPUT/OUTPUT PORTS 


The R6518 has 16 I/O lines grouped into two 8-bit ports (PA, 
PB). Ports A and B may be used either for input or output 
individually or in groups of any combination. 

Multifunction I/O’s in Port A are protected from normal port I/O 
instructions when they are programmed to perform a multiplexed 
function. 

Internal pull-up resistors (FET’s with an impedance range of 
3K < Rpu < 12K ohm) are provided on all port pins. 

The direction of the I/O lines are controlled by 8-bit port registers 
located in page zero. This arrangement provides quick program- 
ming access using simple two-byte zero page address instruc- 
tions, There are no direction registers associated with the I/O 
ports, which simplifies I/O handling. The I/O addresses are 
shown in Table 3. I/O Port Timing is shown on page 29. 


Table 3. 

I/O Port Addresses 

Port 

Address 

A 


0000 

B 


0001 


INPUTS 

Inputs for Ports A and B are enabled by loading logic 1 into all 
I/O port register bit positions that are to correspond to I/O input 
lines. A low (<0.8V) input signal will cause a logic 0 to be read 
when a read instruction is issued to the port regi ster. A high 
(>2.0V) input will cause a logic 1 to be read. An RES signal 
forces both I/O port registers to logic 1 thus initially treating all 
I/O lines as inputs. 

The status of the input lines can be interrogated at any time by 
reading the I/O port addresses. Note that this will return the 
actual status of the input lines, not the data written into the I/O 
port registers. 

Ready/Modify/Write instructions can be used to modify the 
operation of PA and PB. During the Read cycle of a 
Read/Modify/Write instruction the Port I/O register is read. For 
all other read instructions the port input lines are read. 
Read/Modify/Write instructions are; ASL, DEC, INC, LSR, RMB, 
ROL, ROR, and SMB. 

OUTPUTS 

Outputs for Ports A and B are controlled by writing the desired 
I/O line output states into the corresponding I/O port register 


bit positions. A logic 1 will force a high (>2.4V) output while a 
logic 0 will force a low (<0.4V) output. 

PORT A (PA) 

Port A can be programmed via the Mode Control Register (MCR) 
and the Serial Communications Control Register (SCCR) as a 
standard parallel 8-bit, bit independent, I/O port or as serial chan- 
nel I/O lines, counter I/O lines, or an input data strobe for the 
Port B input latch option. Table 4 tabulates the control and usage 
of Port A. 

In addition to their normal I/O functions, PAO and PA1 can detect 
positive going edges, and PA2 and PAS can detect negative 
going edges. A proper transition on these pins will set a 
corresponding status bit in the IFR and generate an interrupt 
request if the respective Interrupt Enable Bit is set. The max- 
imum rate at which an edge can be detected is one-half the 
phase 2 (02) clock rate. Edge detection timing is shown on 
page 29. 


PORT B (PB) 

Port B can be programmed as an 8 bit, bit independent I/O port. 
It has a latched input capability which may be enabled or dis- 
abled via the Mode Control Register (MCR). Table 5 tabulates 
the control and usage of Port B. An Input Data Strobe signal 
must be provided through PAO when Port B is programmed to 
be used with latched input option. Input data latch timing for 
Port B is shown on page 29. 


Table 5. Port B Control & Usage 



I/O Mode 

Latch 

Mode 




MCR4 

= 1 


MCR4 = 0 

(2) 

Pin 

Signal 

Signal 

Name 

Name 

Type (1) 

Name 

Type 

PBO 

PBO 

I/O 

PBO 

INPUT 

PB1 

PB1 

I/O 

PB1 

INPUT 

PB2 

PB2 

I/O 

PB2 

INPUT 

PB3 

PB3 

I/O 

PB3 

INPUT 

PB4 

PB4 

I/O 

PB4 

INPUT 

PBS 

PBS 

I/O 

PBS 

INPUT 

PB6 

PBS 

I/O 

PBS 

INPUT 

PB7 

PB7 

I/O 

PB7 

INPUT 


(1) Resistive pull-up, active buffer pull down 

(2) Input data is stored in port B latch by PAO pulse 
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Table 4. Port A Control & Usage 


PAO (2) 

PAO I/O 

PORT B LATCH MODE 


MCR4 = 0 

MCR4 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PAO 

I/O 

PORT B 

LATCH STROBE 

INPUT (1) 

I 




PA1 (2) 

PA2 (3) 

PA3 (3) 

PA1-PA3 I/O 



SIGNAL 


NAME 

TYPE 


PA1 

PA2 

PA3 

I/O 

I/O 

I/O 


1 


PA4 

PA4 I/O 

I COUNTER A I/O | 

MCRO = 0 

MCR1 = 0 

SCCR7 = 0 

RCVR S/R MODE - 0 
(4) (5) 

MCRO = 1 

MCR1 = 0 

SCCR7 = 0 

RCVR S/R MODE = 0 
(4) 

SCCR7 = 0 

SCCR6 = 0 

MCR1 = 1 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PA4 

I/O 

CNTA 

OUTPUT 

CNTA 

INPUT (1) 

SERIAL I/O SHIFT REGISTER CLOCK » | 

SCCR7 = 1 

SCCR5 = 1 

RCVR S/R MODE = 1 
(4) 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

XMTR CLOCK 

OUTPUT 

RCVR CLOCK 

INPUT (1) 

r 

PA5 

PAS I/O 

COUNTER B I/O | 

MCR3 = 0 

MCR2 = 0 

MCR3 = 0 

MCR2 = 1 

MCR3 = 1 

MCR2 = X 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PAS 

I/O 

CNTB 

OUTPUT 

CNTB 

INPUT (1) 

1 1 

Notes: 

(1) Hardware Buffer Float 

(2) Positive Edge Detect 

(3) Negative Edge Detect 

(4) RCVR S/R Mode = 1 when 
SCCR6 • SCCRS • SCCR4 = 1 

(5) For the following mode combina- 
tions PA4 is available as an input 

PA6 

PA6 I/O 

SERIAL I/O 

XMTR OUTPUT 

SCCR7 = 0 

SCCR7 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PA6 

I/O 

XMTR 

OUTPUT 

1 

only pin; 
SCCR7«SCCRe 

>*SCCRS.MCR1 

=16«SCCR4*MCR1 

=16«SCCRS 

PA7 

PA7 I/O 

SERIAL I/O 

RCVR INPUT 

+ SCCR7»SCCI 
+ SCCR7»SCCI 

SCCR6 = 0 

SCCR6 = 1 

+ SCCR7«SCCRS'SCCR4* 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PA7 

I/O 

RCVR 

INPUT (1) 
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SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Serial I/O channel with 
programmable bit rates and operating modes. The serial I/O 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in Figure 9. 
The serial bit rate is determined by Counter A for all modes 
except the Receiver Shift Register (RCVR SIR) mode for which 
an external shift clock must be provided. The maximum data 
rate using the internal clock is 62. 5K bits per second (@ 02 = 
1 MHz). The transmitter (XMTR) and receiver (RCVR) can be 
independently programmed to operate in different modes and 
can' be independently enabled or disabled. 


ASYNCHRONOUS MODE WITHOUT PARITY 


ASYNCHRONOUS MODE WITH PARITY 


SCCR 7 6 5 4 3 21 0 ADDR 0015 


O-ODD PARITY 
I 1-EVEN PARITY 

0 PARITY DISABLE 

1 PARITY ENABLE 

0 0-8 BITS/CHAR 

0 1-7 BITS/CHAR 

1 0-6 BITS/CHAR 

1 1-5 BITSCHAR 

0 XMTR AND RCVR ASYN MODE 

1 XMTR ASYN RCVR S/R 
X XMTR S/R RCVR ASYN 


0 RCVR DISABLE 
I 1 RCVR ENABLE 

0 XMTR DISABLE 

1 XMTR ENABLE 


Figure 9. Serial Communication Control Register 

Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an inter- 
val timer mode whenever the serial I/O is enabled in a mode 
requiring an internal clock. 


SHIFT REGISTER MODE 8-BIT DATA 


SHIFT REGISTER CLOCK (PA4) 


Figure 10. Transmitter Data Modes 

In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data is 
shifted out via the SO output (PA6) and the shift clock is available 
at the CA (PA4) pin. When the transmitter under-runs in the 
S/R mode the SO output and shift clock are held in a high state. 

The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 

IFR7 = SCSR6 (SCSR5 -h SCSR7) 


Whenever Counter A is required as a timing source it must be 
loaded with the hexadecimal code that selects the data rate for 
the serial I/O Port. Refer to Section “Counter A,” Table 6 for 
hexadecimal values to represent the desired data rate. 

TRANSMITTER OPERATION (XTMR) 

The XTMR operation and the transmitter related control/status 
functions are enabled by bit 7 of the Serial Communications Con- 
trol Register (SCCR). The transmitter, when in the Asynchronous 
(ASYN) mode, automatically adds a start bit, one or two stop 
bits, and when enabled, a parity bit to the transmitted data. A 
word of transmitted data (in asynchronous parity mode) can have 
5-, 6-, 7-, or 8-bits of data. The nine data modes are in Figure 10. 
When parity is disabled, the 5-, 6-, 7- or 8-bits of data are ter- 
minated with two stop bits. 


RECEIVER OPERATION (RCVR) 

The receiver and its selected control and status functions are 
enabled when SCCR6 is set to a “1 In the ASYN mode, data 
format must have a start bit, appropriate number of data bits, 
a parity bit (if enabled) and one stop bit. Refer to Figure 10 for 
a diagram of bit allocations. The receiver bit period is divided 
into 8 sub-intervals for internal synchronization. The receiver bit 
stream is synchronized by the start bit and a strobe signal is 
generated at the appropriate center of each incoming bit. Refer 
to Figure 1 1 for ASYN Receive Data Timing. The character 
assembly process does not start if the start bit signal is less than 
one-half bit time after a low level is detected on the Receive Data 
Input. Framing error, over-run, and parity error conditions or a 
RCVR Data Register Full will set the appropriate status bits, and 
any of the above conditions will cause an Interrupt Request if 
the Receiver Interrupt Enable bit is set to logic 1. 
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Figure 11. ASYN Receive Data Timing 


a parity error. This b it is cleared by reading the Receiver Data 
Register or by RES. 

SCSR3: Framing Error— Set to a logic 1 when the received data 
contains a zero bit after the last data or parity bit in the stop 
bit sl ot. Cleared by reading the Receiver Data Register or by 
RES. (ASYN Mode only). 

SCSR4: Wake-Up— Se\ to a logic 1 by writing a “1” in bit 4 of 
address: 0016. The Wake-Up bit is cleared by RES or when 
the receiver detects a string of ten consecutive 1s. When the 
Wake-Up bit is set SCSRO through SCSR3 are inhibited. 


In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input {PA7). The maximum data rate using an external shift 
clock is one-eighth the internal clock rate. Refer to Figure 12 
for S/R Mode Timing. 



Figure 12. S/R Mode Timing 


A RCVR interrupt (IFRS) is generated whenever any of SCSRO-3 
are true. 

SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Register (SCSR) holds infor- 
mation on various communication error conditions, status of 
the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line condition 
(Wake-Up Feature). The SCSR bit assignment is shown in 
Figure 13. SCSR bit assignments and functions are: 


SCSR5: End of Transmission— Se\ to a logic 1 by writing a “1 ” 
in bit position 5 of ad dress: 0016. The End of Transmission bit 
is cleared by RES or upon writing a new data word into 
the Transmitter Data Register. When the End-of-Transmission 
bit is true the Transmitter Data Register Empty bit is disabled 
until a Transmitter Under-Run occurs. 

SCSR6: Transmitter Data Register Empty-Set to a logic 1 
when the contents of the Transmitter Data Register are trans- 
ferred to the Transmitter Shift Register. Cleared upon writing 
new data into t he Tra nsmit Data Register. This bit is initialized 
to a logic 1 by RES. 

SCSR7: Transmitter Under-Run— Set to a logic 1 when the last 
data bit is transmitted if the transmitter is in a S/R Mode or when 
the last stop bit is transmitted if the XMTR is in the ASYN Mode 
while the Transmitter Data Register Empty Bit is set. Cleared 
by a tran sfer of new data into the Transmitter Shift Register, or 
by RES. 



SCSRO: Receiver Data Register Full— Set to a logic 1 when a 
character is transferred from the Receiver Shift Register to the 
Receiver Data Register. This bit is cle ared by reading the 
Receiver Data Register, or by RES and is disabled if 
SCCR6 = 0. The SCSRO bit will not be set to a logic 1 if the 
received data contains an error condition, instead, a corre- 
sponding error bit will be set to a logic 1. 

SCSR1 : Over-Run Error— Set to a logic 1 when a new character 
is transferred from the Receiver Shift Register, with the last 
character still in the Receiver Data Register. This bit is cleared 
by reading the Receiver Data Register, or by RES. 

SCSR2: Parity Error— Set to a logic 1 when the RCVR is in the 
ASYN Mode, Parity Enable bit is set, and the received data has 


Figure 13. SCSR Bit Allocation 

WAKE-UP FEATURE 

In multi-distributed microprocessor or microcomputer applica- 
tions, a destination address is usually included at the beginning 
of the message. The Wake-Up Feature allows non-selected 
CPU’s to ignore the remainder of the message until the begin- 
ning of the next message by setting the Wake-Up bit. As long 
as the Wake-Up flag is true, the Receiver Data Register Full Flag 
remains false. The Wake-Up bit is automatically cleared when 
the receiver detects a string of ten consecutive Is which indi- 
cates an idle transmit line. When the next byte is received, the 
Receiver Data Register Full Flag signals the CPU to wake-up 
and read the received data. 
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COUNTER/TIMERS 


The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the counters. 
Counter A has one 16-bit latch and Counter B has two 16-bit 
latches. Each counter can be independently programmed to 
operate in one of four modes; 


Counter A 


Counter B 


• Pulse width 
measurement 

• Pulse Generation 

• Interval Timer 

• Event Counter 


• Retriggerable Interval Counter 

• Asymmetrical Pulse 
Generation 

• Interval Timer 
« Event Counter 


Operating modes of Counter A and Counter B are controlled by 
the Mode Control Register. All counting begins at the initializa- 
tion value and decrements. When modes are selected requir- 
ing a counter input/output line, PA4 is automatically selected 
for Counter A and PAS is automatically selected for Counter B 
(see Table 4). 


Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Select bits in the Mode Con- 
trol Register. 


MCR1 
(bit 1) 

MCRO 
(bit 0) 

Mode 

0 

0 

Interval Timer 

0 

1 

Pulse Generation 

1 

0 

Event Counter 

1 

1 

Pulse Width Measurement 


The Interval Timer, Pulse Generation, and Pulse Width Measure- 
ment Modes are 02 clock counter modes. The Event Counter 
Mode counts the occurrences of an external event on the CNTR 
line. 

The Counter is set to the Interval Timer Mode (00) when a RES 
signal is generated. 


COUNTER A 

Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter A 
(UCA), Lower Latch A (LLA), and Upper Latch A (ULA). The 
counter contains the count of either 02 clock pulses or external 
events, depending on the counter mode selected. The contents 
of Counter A may be read any time by executing a read at 
location 0019 for the Upper Counter A and at location 001 A or 
location 0018 for the Lower Counter A. A read at location 0018 
also clears the Counter A Underflow Flag (IFR4). 


INTERVAL TIMER 

In the Interval Timer mode the Counter is initialized to the Latch 
value by either of two conditions: 

1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF), 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, the 
Counter is loaded with the Latch value. Note that the con- 
tents of the Accumulator are loaded into the Upper Latch 
before the Latch value is transferred to the Counter. 


The 16-bit latch contains the counter initialization value, and can 
be loaded at any time by executing a write to the Upper Latch A 
at location 0019 and the Lower Latch A at location 0018. In either 
case, the contents of the accumulator are copied into the 
applicable latch register. 

Counter A can be started at any time by writing to address: 001 A. 
The contents of the accumulator will be copied into the Upper 
Latch A before the contents of the 16-bit latch are transferred 
to Counter A. Counter A is set to the latch value whenever 
Counter A underflows. When Counter A decrements from 0000 
the next counter value will be the latch value, not FFFF, and 
the Counter A Underflow Flag (1FR 4) will be set to “1”. This 
bit may be cleared by reading the Lower Counter A at l ocation 
0018, by writing to address location 001 A, or by RES. 


The Counter value Is decremented by one count at the 02 clock 
rate. The 16-bit Counter can hold from 1 to 65535 counts. The 
Counter Timer capacity is therefore 1 fiS to 65.535 ms at the 
1 MHz 02 clock rate or 0.5 fis to 32.7675 ms at the 2 MHz 02 
clock rate. Time intervals greater than t he m aximum Counter 
value can be e asily m easured by counting IRQ interrupt requests 
in the counter IRQ interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflo w bit in the Interrupt Flag 
Register can be ex amin ed in the IRQ interrupt routine to 
determine that the was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 


A timing diagram of the Interval Timer mode is shown in 
Figure 14. 



Figure 14. Interval Timer Timing Diagram 


PULSE GENERATION MODE 

In the Pulse Generation mode, the CA line operates as a Counter 
Output. The line toggles from low to high or from high to low 
whenever a Counter A Underflow occurs, or a write is performed 
to address 001 A. 


PULSE WIDTH MEASUREMENT MODE 

This mode allows the accurate measurement of a low pulse dura- 
tion on the CA line. The Counter decrements by one count at 
the 02 clock rate as long as the CA line is held in the low state. 
The Counter is stopped when CA is in the high state. 

The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will be 
loaded with the latch value and continue counting down as long 
as the CA pin is held low. After the counter is stopped by a high 
level on CA, the count will hold as long as CA remains high. 
Any further low levels on CA will again cause the counter to count 
down from its present value. The state of the CA line can be 
determined by testing the state of PA4 (Figure 16). 



Figure 16. Pulse Width Measurement Timing 


The normal output wave form is a symmetrical square-wave. The 
CA output is initialized high when entering the mode and tran- 
sitions low when writing to 001 A. 

Asymmetric waveforms can be generated if the value of the latch 
is changed after each counter underflow. 

A one-shot waveform can be generated by changing from Pulse 
Generation to Interval Timer mode after only one occurrence 
of the output toggle condition. 

EVENT COUNTER MODE 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on this 
line. The maximum rate at which this edge can be detected is 
one-half the 02 clock rate (Figure 15). 


The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Underflow 
bit (IER4) is set to logic 1 if the underflow occurs. 



Figure 15. Event Counter Mode Timing 


SERIAL I/O DATA RATE GENERATION 

Counter A also provdes clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the Serial 
I/O is enabled, Counter A is forced to operate at the internal clock 
rate. Counter A is not required for the RCVR SIR mode. The 
Counter I/O (PA4) may also be required to support the Serial 
I/O (see Table 4). 

Table 6 identifies the values to be loaded in Counter A for select- 
ing standard data rates with a 02 clock rate of 1 MHz and 2 MHz. 
Although Table 6 identifies only the more common data rates, 
any data rate from 1 to 62.5K bps can be selected by using the 
formula: 


16 X bps 

where 

N = decimal value to be loaded into Counter A using 
its hexadecimal equivalent 
02 = the clock frequency (1 MHz or 2 MHz) 
bps = the desired data rate. 

NOTE 

In Table 6 you will notice that the standard data rate and 
the actual data rate may be slightly different. Transmitter 
and receiver errors of 1.5% or less are acceptable. A 
revised clock rate is included in Table 6 for those baud 
rates which fall outside this limit. 
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Table 6. Counter A Values for Baud Rate Selection 


Standard 

Baud 

Hexadecimal 

Value 

Actual 

Baud 

Rate 

At 

Clock Rate 
Needed to Get 
Standard 
Baud Rate 

Rate 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

50 

04E1 

09C3 

50.00 

50.00 

1 .0000 

2.0000 

75 

0340 

0682 

75.03 

74.99 

1 .0000 

2.0000 

110 

0237 

046F 

110.04 

110.04 

1 .0000 

2.0000 

150 

01 AO 

0340 

149.88 

150.06 

1.0000 

2.0000 

300 

OOCF 

01 AO 

300.48 

299.76 

1 .0000 

2.0000 

600 

0067 

OOCF 

600.96 

600.96 

1 .0000 

2.0000 

1200 

0033 

0067 

1201.92 

1201.92 

1 .0000 

2.0000 

2400 

0019 

0033 

2403.85 

2403.85 

1 .0000 

2.0000 

3600 

0010 

0021 

3676.47 

3676.47 

1 0.9792 

1.9584 

4800 

OOOC 

0019 

4807.69 

4807.69 

1.0000 

2.0000 

7200 

0008 

0010 

6944.44 

7352.94 

1.0368 

1 .9584 

9600 

0006 

OOOC 

8928.57 

9615.38 

1.0752 

2.0000 


COUNTER B 

Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC). Latch C is used only 
in the asymmetrical pulse generation mode. The counter con- 
tains the count of either 02 clock pulses or external events 
depending on the counter mode selected. The contents of 
Counter B may be read any time by executing a read at loca- 
tion 001 D for the Upper Counter B and at location 001 E or 001 C 
for the Lower Counter B. A read at location 001 C also clears 
the Counter B Underflow Flag. 

Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch B 
at location 001 D and the Lower Latch B at location 001 C. In each 
case, the contents of the accumulator are copied into the 
applicable latch register. 

Counter B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the Upper 
Latch B before the value in the 16-bit Latch B is transferred to 
Counter B. Counter B will also be set to the latch value and the 
Counter B Underflow Flag bit (IFRS) will be set to a “1” whenever 
Counter B underflows by decrementing from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at loc a- 
tion 001 C, by writing to address location 001 E, or by RES. 

Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer Mode and the Pulse Generation mode is replaced by the 
Asymmetrical Pulse Generation Mode. 

RETRIGGERABLE INTERVAL TIMER MODE 

When operating in the Retriggerable Interval Timer mode. 
Counter B is initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 17 illustrates the operation of this timer 
mode. 



Figure 17. Counter B Retriggerable Interval Timer Mode 


ASYMMETRICAL PULSE GENERATION MODE 

Counter B has a special Asymmetrical Pulse Generation Mode 
whereby a pulse train with programmable pulse width and period 
can be generated without the processor intervention once the 
latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value which 
corresponds to the duration between pulses (referred to as D 
in the following descriptions). The 16-bit Latch C is initialized 
with a value which corresponds to the desired pulse width 
(referred to as P in the following descriptions). The initialization 
sequence for Latch B and C and the starting of a counting 
sequence are as follows: 

1. The lower 8 bits of P are loaded into LLB by writing to 
address 001 C, and the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by writing 
to address location 001 D. At this point both Latch B and 
Latch C contain the value of P. 

2. The lower 8 bits of D are loaded into LLB by writing to 
address 001 C, and the upper 8 bits of D are loaded into 
ULB by writing to address location 001 E. Writing to address 
location 001 E also causes the contents of the 16-bit Latch 
B to be downloaded into the Counter B and causes the CB 
output to go low as shown in Figure 18. 

3. When the Counter B underflow occurs the contents of the 
Latch C is loaded into the Counter B, and the CB output 
toggles to a high level and stays high until another underflow 
occurs. Latch B is then down-loaded and the CB output 
toggles to a low level repeating the whole process. 



Figure 18. Counter B Pulse Generation 
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POWER-ON/INITIALIZATION CONSIDERATIONS 


POWER-ON TIMING 

After applications of Vcc and Vrr power to the device, RES 
must be held low for at least eight 02 clock cycles after Vcc 
reaches operating range and the internal oscillator has stabi- 
lized. This stabilization time is dependent upon the input Vcc 
voltage and performance of the internal oscillator. The clock can 
be monitored at 02 (pin 3). Figure 19 illustrates the power turn-on 
waveforms. Clock stabilization time is typically 20 ms. 



Figure 19. Power Turn-on Timing Detail 


POWER-ON RESET 

The occurrence of RES going from low to high will cause the 
device to set the Interrupt Mask Bit — bit 2 of the Processor 
Status Register. Both I/O ports (PA, PB) will be forced to the 
high (logic 1) state. An internal initialization sequence lasting 
1 6 clock cycles is then performed which sets bits 5-7 of the Mode 
Control Register to logic 1 , thus enabling external user memory 
(Multiplexed Bus Mode). The remaining bits of the Control 
Register will be cleared to logic 0 causing the Interval Timers 
counter mode (mode 00) to be selected and causing all interrupt 
enabled bits to be reset. 


RESET (RES) CONDITIONING 

When RES is driven from low to high the device is put in a reset 
state causing the registers and I/O ports to be configured as 
shown in Table 7. 


Table 7. RES Initialization of I/O Ports and Registers 



7 

6 

5 

4 

3 

2 

1 

0 

Registers I 

Processor Status 

— 

— 

— 

— 

0 

1 

— 

— 

Mode Control (MCR) 

1 

1 

1 

0 

0 

0 

0 

0 

Int. Enable (lER) 

0 

0 

0 

0 

0 

0 

0 

0 

Int. Flag (IFR) 

0 

0 

0 

0 

0 

0 

0 

0 

Ser. Com. Control (SCCR) 

0 

0 

0 

0 

0 

0 

0 

0 

Ser. Com. Status (SCSR) 

0 

1 

0 

0 

0 

0 

0 

0 

Ports 

PA Latch 

1 

1 

1 

1 

1 

1 

1 

1 

PB Latch 

1 

1 

1 

1 

1 

1 

1 

1 


All RAM and other CPU registers will initialize in a random, non- 
repeatable data pattern. 


INITIALIZATION 

Any initialization process for the device should include a RES, 
as indicated in the preceding paragraphs. After stabilization of 
the internal clock (if a power-on situation) an initialization 
subroutine should be executed to perform (as a minimum) the 
following functions: 

1. The Stack Pointer should be set 

2. Clear or Set Decimal Mode 

3. Set or Clear Carry Flag 

4. Set up Mode Controls as required 

5. Clear Interrupts 

A typical initialization subroutine could be as follows: 

LDX Load stack pointer starting address into X Register 

TXS Transfer X Register value to Stack Pointer 

CLD Clear Decimal Mode 

SEC Set Carry Flag 

.... Set-up Mode Control and 

.... special function 

.... registers as required 

CLI Clear Interrupts 
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ENHANCED R6502 INSTRUCTION SET 


The following table contains a summary of the R6502 instruc- 
tion set. For detailed information, consult the R6502 Microcom- 
puter System Programming Manual, Order No. 202. The four 

Instruction Set In Alphabetic Sequence 


instructions notated with a * are added instructions to enhance 
the standard 6502 instruction set. 


Mnemonic 

Description 

Mnemonic 

Description 

ADC 

Add Memory to Accumulator with Carry 

LDA 

Load Accumulator with Memory 

AND 

“AND” Memory with Accumulator 

LDX 

Load Index X with Memory 

ASL 

Shift Left One Bit (Memory or Accumulator) 

LDY 

Load Index Y with Memory 



LSR 

Shift One Bit Right (Memory or (Accumulator) 

•BBR 

Branch on Bit Reset Relative 



*BBS 

Branch on Bit Set Relative 



BCC 

Branch on Carry Clear 

NOP 

No Operation 

BCS 

Branch on Carry Set 



BEQ 

Branch on Result Zero 

ORA 

“OR” Memory with Accumulator 

BIT 

Test Bits in Memory with Accumulator 



BMI 

Branch on Result Minus 

PHA 

Push Accumulator on Stack 

BNE 

Branch on Result not Zero 

PHP 

Push Processor Status on Stack 

BPL 

Branch on Result Plus 

PLA 

Pull Accumulator from Stack 

BRK 

Force Break 

PLP 

Pull Processor Status from Stack 

BVC 

Branch on Overflow Clear 



BVS 

Branch on Overflow Set 

*RMB 

Reset Memory Bit 



ROL 

Rotate One Bit Left (Memory or Accumulator) 

CLC 

Clear Carry Flag 

ROR 

Rotate One Bit Right (Memory or Accumulator) 

CLD 

Clear Decimal Mode 

RTI 

Return from Interrupt 

CLI 

Clear Interrupt Disable Bit 

RTS 

Return from Subroutine 

CLV 

Clear Overflow Flag 



CMP 

Compare Memory and Accumulator 



CPX 

Compare Memory and Index X 



CPY 

Compare Memory and Index Y 

SBC 

Subtract Memory from Accumulator with Borrow 



SEC 

Set Carry Flag 

DEC 

Decrement Memory by One 

SED 

Set Decimal Mode 

DEX 

Decrement Index X by One 

SEI 

Set Interrupt Disable Status 

DEY 

Decrement Index Y by One 

*SMB 

Set Memory Bit 



STA 

Store Accumulator in Memory 



STX 

Store Index X in Memory 

EOR 

“Exclusive-Or” Memory with Accumulator 

STY 

Store Index Y in Memory 

INC 

Increment Memory by One 



INX 

Increment Index X by One 

TAX 

Transfer Accumulator to Index X 

INY 

Increment Index Y by One 

TAY 

Transfer Accumulator to Index Y 



TSX 

Transfer Stack Pointer to Index X 



TXA 

Transfer Index X to Accumulator 

JMP 

Jump to New Location 

TXS 

Transfer Index X to Stack Register 

JSR 

Jump to New Location Saving Return Address 

TYA 

Transfer Index Y to Accumulator 
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IMMEDIATE 

ABSOLUTE 

ZERO PAGE 

ACCUM. 

IMPLIED 

(IND, X) 

(IND), Y 

Z. PAGE, X 

ABS, 

MNEMONIC 

OPERATION 

OP 

n 

# 

OP 

n 

* 

OP 

n 

# 

OP 

n 


OP 

n 

# 

OP 

n 

‘ 

OP 


# 

OP 

n 

# 

OP 

n 

ADC 

A-M-C— A (4)(1) 

69 

2 

2 

6D 

4 

3 

65 

3 

2 







61 

6 

2 

71 

Ti 

2 

75 

4 

2 

7D 

4 

AND 

A M— A (1) 

29 

2 

2 

2D 

4 

3 

25 

3 

2 







21 

6 

2 

31 

5 

2 

35 

4 

2 

3D 

4 

ASL 

C- CT n --0 




OE 

6 

3 

06 

5 

2 

OA 

2 











16 

6 

2 

IE 

7 

BBR[#(0-7)J 

Branch on Mj = 0 (5) (2) 



























BBS[#(0-7)l 

Branch on Ms =1 (5) (2) 



























BCC 

Branch on C = 0 (2) 



























BCS 

Branch on C=1 (2) 



























BEQ 

Branch on Z=1 (2) 



























BIT 

AAM 




2C 

4 

3 

24 

3 

2 


















BMI 

Branch on N = 1 (2) 



























BNE 

Branch on Z = 0 (2) 



























BPL 

Branch on N = 0 (2) 



























BRK 

Break 













00 

7 

1 












BVC 

Branch on V = 0 (2) 



























BVS 

Branch on V=1 (2) 



























CLC 

0-C 













18 

2 

1 












CLD 

0-D 













D8 

2 

1 












CLI 

0-1 













58 

2 

1 












CLV 

0— V 













B8 

2 

1 












CMP 

A M (1) 

C9 

2 

2 

CD 

4 

3 

C5 

3 

2 







Cl 

6 

2 

D1 

5 

2 

D5 

4 

2 

DD 

4 

CPX 

X M 

EO 

2 

2 

EC 

4 

3 

E4 

3 

2 


















CPY 

Y M 

CO 

2 

2 

CC 

4 

3 

C4 

3 

2 


















DEC 

M 1-M 




CE 

6 

3 

C6 

5 

2 













D6 

6 

2 

DE 

7 

DEX 

X 1-X 













CA 

2 

1 












DEY 

Y 1-Y 













88 

2 

1 












EOR 

AVM-A (1) 

49 

2 

2 

4D 

4 

3 

45 

3 

2 







41 

6 

2 

51 

5 

2 

55 

4 

2 

5D 

4 

INC 

M • 1 — M 




EE 

6 

3 

E6 















F6 

6 

2 

FE 

7 

INX 

X- 1-X 













EB 

2 

1 












INY 

Y - 1 -Y 













C8 

2 

1 












JMP 

Jump to New Loc 




4C 

3 

3 





















JSR 

Jump Sub 




20 

6 

3 





















EDA 

M— A (1) 

A9 

2 

2 

AD 

4 

3 

A5 

3 

2 







A1 

6 

2 

B1 

5 

2 

B5 

4 

2 

BD 

4 

LDX 

M-X (1) 

A2 

2 

2 

AE 

4 

3 

A6 

3 

2 


















LDY 

M— Y (1) 

AO 

2 

2 

AC 

4 

3 

A4 

3 

2 













B4 

4 

2 

BC 

4 

LSR 

0- n n -C 




4E 

6 

3 

46 

5 

2 

4A 

2 

1 










56 

6 

2 

5E 

7 

NOP 

No Operation 













EA 

2 

1 












ORA 

AVM-A(I) 

09 

2 

2 

OD 

4 

3 

05 

3 

2 







01 

6 

2 

11 

5 

2 

15 

4 

2 

ID 

4 

PHA 

A-Ms S 1-S 













48 

3 

1 












PHP 

P-Ms S 1-S 













08 

3 

1 












PLA 

S-1-S Ms-A 













68 

4 

1 












PLP 

S-1-S Ms-P 













28 

4 

1 












RMB[#(0-7)] 

0-M, (5) 



























ROL 





2E 

6 

3 

26 

5 

2 

2A 

2 

1 










36 

6 

2 

3E 

7 

ROR 



1 


6E 

6 

3 

66 

5 

2 

6A 

2 

1 










76 

6 

2 

7E 

7 

RTI 

Rtrn Int 













40 

6 

1 












RTS 

Rtrn Sub 













60 

6 

1 












SBC 

A'M-C— A (1) 

E9 

2 

2 

ED 

4 

3 

E5 

3 

2 







El 

6 

2 

FI 

5 

2 

F5 

4 

2 

FD 

4 

SEC 

1-C 













38 

2 

1 












SED 

1-D 












1 

F8 

2 

1 












SEI 

1-T 













78 

2 

1 












SMB[#(0-7)] 

(5) 



























STA 

A— M 




8D 

4 

3 

85 

3 

2 







81 

6 

2 

91 

6 

2 

95 

4 

2 

9D 

5 

STX 

X-M 




8E 

4 

3 

86 

3 

2 


















STY 

Y— M 




8C 

4 

3 

84 

3 

2 













94 

4 

2 



TAX 

A— X 













AA 

2 

1 












TAY 

A— Y 













A8 

2 

1 












TSX 

S-X 













BA 

2 

1 












TXA 

X-A 













8A 

2 

1 












TXS 

X-S 













9A 

2 

1 












TYA 

Y-A 

1 













98 

2 

1 













NOTES 

1 . Add 1 to N if page boundary is crossed 

2. Add 1 to N if branch occurs to same page 
Add 2 to N if branch occurs to different page 

3 Carry not = Borrow 

4 If in decimal mode Z flag is invalid 
accumulator must be checked on zero result. 

5. Effects 8-bit data field of the specified zero page address. 



X = Index X • = Add 

Y = Index Y - = Subtract 


= Accumulator 


M = Memory per effective address V = Or 

Mj = Memory per stack pointer v- = Exclusive Or 

Mt, = Selecter zero page memory bit ri = Number of cycles 

M, = Memory Bit 7 # = Number of Bytes 
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BRK —OP Code 
0 Implied — Addressing Mode 

1 7 — Instruction Bytes; Machine Cycles 


BRK 

ORA 

Implied 

l(IND, X) 

1 7 

2 6 

BPL 

ORA 

Relative 

(IND), Y 

2 2** 

2 5* 

JSR 

AND 

Absolute 

(IND, X) 

3 6 

2 6 

BMI 

AND 

Relative 

(IND, Y) 

2 2** 

2 5* 

RTI 

EOR 

Implied 

(IND, X) 

1 6 

2 6 

BVC 

EOR 

Relative 

(IND), Y 

2 2** 

2 5* 

RTS 

ADC 

Implied 

(IND, X) 

1 6 

2 6 

BVS 

ADC 

Relative 

(IND, Y) 

2 2“ 

2 5* 


STA 


(IND, X) 


2 6 

BCC 

STA 

Relative 

(IND, Y) 

2 2** 

2 6 

LDY 

LDA LDX 

IMM 

(IND, X) IMM 

2 2 

2 6 2 2 

BCS 

LDA 

Relative 

(IND), Y 

2 2“ 

2 5* 

CPY 

CMP 

IMM 

(IND, X) 

2 2 

2 6 

BNE 

CMP 

Relative 

(IND). Y 

CM 

CM 

. 2 5* 

CPX 

SBC 

IMM 

(IND, X) 

2 2 

2 6 

BEQ 

SBC 

Relative 

(IND), Y 

2 2** 

2 5* 



ORA 

ZP 

2 3 

ASL 

ZP 

2 5 

RMBO 

ZP 

2 5 

PHP 

Implied 

1 3 

ORA 

IMM 

2 2 

ASL 

Accum 

1 2 



I ORA 
ABS 

3 4 

ASL 

ABS 

3 6 


ORA 

ASL 

RMB1 

CLC 

ORA 




ORA 

ASL 


ZP, X 

ZP,X 

ZP 

Implied 

ABS. Y 




ABS, X 

ABS, X 


2 4 

2 6 

2 5 

1 2 

3 4* 




3 4* 

3 7 

BIT 

AND 

ROL 

RMB2 

PLP 

AND 

ROL 


BIT 

AND 

ROL 

ZP 

ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


ABS 

ABS 

ABS 

2 3 

2 3 

2 5 

2 5 

1 4 

2 2 

1 2 


3 4 

3 4 

3 6 


AND 

ROL 

RMB3 

SEC 

AND 




AND 

ROL 


ZP, X 

ZP, X 

ZP 

Implied 

ABS, Y 




ABS, X 

ABS, X 


2 4 

2 6 

2 5 

1 2 

3 4* 




3 4* 

3 7 


EOR 

LSR 

RMB4 

PHA 

EOR 

LSR 


JMP 

EOR 

LSR 


ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


ABS 

ABS 

ABS 


2 3 

2 5 

2 5 

1 3 

2 2 

1 2 


3 3 

3 4 

3 6 


EOR 

LSR 

RMB5 

CLI 

EOR 




EOR 

LSR 


ZP, X 

ZP. X 

ZP 

Implied 

ABS, Y 




ABS, X 

ABS, X 


2 4 

2 6 

2 5 

1 2 

3 4* 




3 4* 

3 7 


ADC 

ROR 

RMB6 

PLA 

ADC 

ROR 


JMP 

ADC 

ROR 


ZP 

ZP 

ZP 

Implied 

IMM 

Accum 


Indirect 

ABS 

ABS 


2 3 

2 5 

2 5 

1 4 

2 2 

1 2 


3 5 

3 4 

3 6 


ADC 

ROR 

RMB7 

SEI 

ADC 




ADC 

ROR 


ZP, X 

ZP,X 

ZP 

Implied 

ABS, Y 




ABS, X 

ABS, X 


2 4 

2 6 

2 5 

1 2 

3 4* 




3 4* 

3 7 

STY 

STA 

STX 

SMBO 

DEY 


TXA 


STY 

STA 

STX 

ZP 

ZP 

ZP 

ZP 

Implied 


Implied 


ABS 

ABS 

ABS 

2 3 

2 3 

2 3 

2 5 

1 2 


1 2 


3 4 

3 4 

3 4 

STY 

STA 

STX 

SMB1 

TYA 

STA 

TXS 



STA 


ZP, X 

ZP, X 

ZP, Y 

ZP 

Implied 

ABS, Y 

Implied 



ABS, X 


2 4 

2 4 

2 4 

2 5 

1 2 

3 5 

1 2 



3 5 


LDY 

LDA 

LDX 

SMB2 

TAY 

LDA 

TAX 


LDY 

LDA 

LDX 


Implied IMM Implied 
1 2 2 2 1 2 

CLV LDA TSX 
Implied ABS, Y Implied 
1 2 3 4* 1 2 

INY CMP DEX 
Implied IMM Implied 
1 2 2 2 1 2 

CLD CMP 
Implied ABS, Y 
1 2 3 4* 

INX SBC NOP 
Implied IMM Implied 
1 2 2 2 1 2 

SED SBC 
Implied ABS, Y 
1 2 3 4* 


LDA LDX 
ABS, X ABS, Y 
3 4* 3 4* 

CMP DEC 
ABS ABS 
3 4 3 6 

CMP DEC 
ABS, X ABS, X 
3 4* 3 7 

SBC INC 
ABS ABS 
3 4 3 6 

SBC INC 
ABS, X ABS, X 
3 4* 3 7 


‘Add 1 to N if page boundary is crossed. 
“Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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KEY REGISTER SUMMARY 


PROGRAM COUNTER PC 


Z IC PROCESSOR STATUS REG P 


CPU Registers 


MODE SELECT 0 0 INTERVAL TIMER 

I I 0 1 PULSE GENERATION 

1 0 EVENT COUNTER 

I I 1 — 1 PULSE WIDTH MEAS. 

0 0 INTERVAL TIMER 

0 1 ASYMMETRIC PULSE GENERATION 

1 0 EVENT COUNTER 

1 1 RETRIGGERABLE INTERVAL TIMER 

-PORT B LATCH 
(1 = ENABLED) 

-PORT D TRI-STATE 
1 = MUX’D BUS 


7 6 5 4 3 2 1 0 


D I Z C 


Mode Control Register 


I- CARRY (C) © 

1 = CARRY SET 
0 = CARRY CLEAR 
L- ZERO (Z) © 

1 =ZERO RESULT 
0 = NON-ZERO RESULT 

L INTERRUPT DISABLE (I) © 
1 =IBQ INTERRUPT DISABLED 
0 = IRQ INTERRUPT ENABLED 

DECIMAL MODE (D) @ 

1= DECIMAL MODE 
0 = BINARY MODE 

L- BREAK COMMAND (B) © 

1= BREAK COMMAND 
0 = NON-BREAK COMMAND 

•— OVERFLOW (O) © 

1 = OVERFLOW SET 
0 = OVERFLOW CLEAR 

- NEGATIVE (N) © 

1= NEGATIVE VALUE 
0 = POSITIVE VALUE 


10 ADDR 0012 

T 

L PAO POSITIVE 
EDGE DETECT 
_PA1 POSITIVE 
EDGE DETECT 
_PA2 NEGATIVE 
EDGE DETECT 


L PA3 NEGATIVE 
EDGE DETECT 
COUNTER A 
UNDERFLOW FLAG 


COUNTER B 
I— UNDERFLOW 
FLAG 
RECEIVER 
FLAG 


© NOT INITIALIZED BY RES 
@ SET TO LOGIC 1 BY Ms 
@ SET TO LOGIC 0 BY RES 


Interrupt Enable and Flag Registers 


Processor Status Register 


SCSR |7|6|5|4|3|2|1 |0| ADDR 0016 

I I I I L RCVR DATA 

REG FULL 
*— RCVR OVER-RUN 


END OF TRANSMISSION 
- XMTR DATA REG EMPTY 


-XMTR UNDER-RUN 


SCCR |7|6|5|4|3|2|1 |0| ADDR 0015 

0~ODD PARITY 
1-EVEN PARITY 

0 PARITY DISABLE 

1 PARITY ENABLE 

0 0-8 BITS/CHAR 

0 1-7 BITS/CHAR 

1 0-6 BITS/CHAR 

1 1-5 BITSCHAR 

0 0 XMTR AND RCVR ASYN MODE 

0 1 XMTR ASYN RCVR S/R 

1 X XMTR S/R RCVR ASYN 

0 RCVR DISABLE 

1 RCVR ENABLE 

0 XMTR DISABLE 

1 XMTR ENABLE 


Serial Communications Status Register 


Serial Communications Control Register 
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ADDRESS ASSIGNMENTS 
AND MEMORY MAPS 


I/O AND INTERNAL REGISTER ADDRESS 


ADDRESS 



(HEX) 

READ 

WRITE 

001 F 

— 

— 

IE 

Lower Counter B 

Upper Latch B, Cntr B < — Latch B> CLR Flag 

ID 

Upper Counter B 

Upper Latch B, Latch C Latch B 

1C 

Lower Counter B, CLR Flag 

Lower Latch B. 

IB 

1A 

Lower Counter A 

Upper Latch A, Cntr A ■< — Latch A, CLR Flag 

19 

Upper Counter A 

Upper Latch A 

18 

Lower Counter A, CLR Flag 

Lower Latch A 

17 

Serial Receiver Data Register 

Serial Transmitter Data Register 

16 

Serial Comm. Status Register 

Serial Comm. Status Reg. Bits 4 & 5 only 

15 

Serial Comm. Control Register 

Serial Comm. Control Register 

14 

Mode Control Register 

Mode Control Register 

13 

12 

Interrupt Enable Register 

Interrupt Enable Register 

11 

Interrupt Flag Register 

— 

0010 

Read FF 

Clear Int Flag (Bits 0-3 only, Write O’s only) 

OF 

OE 

OD 

OC 

— 

— 

OB 

OA 

09 

08 

— 

— 

07 

06 

05 

04 

— 

— 

03 

02 

01 

Port B 

Port B 

0000 

Port A 

Port A 
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MULTIPLEXED MODE MEMORY MAP 


EMS 

VALID 


3FFF 

FE 

FD 

FC 

FB 

FA 

F9 

F8 

3FF7 


0100 

OOFF 

0040 

003F 

0020 
001 F 

0000 


HIGH BYTE i 


LOW BYTE 


JMP 


HIGH BYTE 


LOW BYTE 


JMP 


HIGH BYTE 


LOW BYTE 


JMP 


EXTERNAL 

MEMORY 

r 

INTERNAL RAM 

192 BYTES 

RESERVED 

I/O & REGISTERS 


IRQ INSTRUCTION 

RES INSTRUCTION 

NMI INSTRUCTION 


/ 

/ 

/ 

/ 

/ 

/ 

/ 


/ 


INTERNAL 

REGISTERS 


RESERVED 


I/O PORTS A, B 


001F 


0010 

OOOF 


0002 

0001 

0000 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc & Vrr 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

-0.3 to +7.0 

Vdc 

Operating Temperature 
Commercial 

Ta 

0 to +70 

°C 

Storage Temperature 

Tstg 

-55 to +150 



NOTE: Stresses above those listed may cause permanent dam- 
age to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DC CHARACTERISTICS 

(Vcc = ±5%, Vrr = Vcc, Vss = 0, Ta = 0 to 70°C except as noted) 


Parameter 

Symbol 

Min 

Typ. 

Max. 

Unit 

Power Dissipation (Outputs High) 

Commercial @ 0°C 

Pd 



1000 

mW 

RAM Standby Voltage (Retention Mode) 

Vrr 

3.0 

- 

Vcc 

Vdc 

RAM Standby Current (Retention Mode) 

Commercial @ 25®C 

•rr 


4 



mAdc 

Input High Voltage 

V,H 

+ 2.0 

- 

o< 

o 

Vdc 

Input High Voltage (XTLI) 

V,H 

+ 4.0 

- 

Vcc 

Vdc 

Input Low Voltage 

V,L 

-0.3 

- 

+ 0.8 

Vdc 

Input Leakage Current (RES, NMI) 

V|n = 0 to 5.0 Vdc 

l|N 



±10.0 

/iAdc 

Input Low Current PA, PB, and Address/Data 
(V|L = 0.4 Vdc) 

l|L 

— 

-1.0 

-1.6 

mAdc 

Output High Voltage (Except XTLO) 

(Load = 100 ^Adc) 

VOH 

+ 2.4 

— 

Vcc 

Vdc 

Output Low Voltage 
(Load = 1 -6 mAdc) 

VoL 

— 

— 

+ 0.4 

Vdc 

Input Capacitance 

(Vin = OV, Ta = 25°C, f = 1.0 MHz) 

PA, PB 

XTLI, XTLO 

Cin 

- 

- 

10 

50 

PF 

I/O Port Pull-Up Resistance A0-A3, D0-D7: EMS, R/W 

PA0-PA7, PB0-PB7 

Rl 

3.0 

6.0 

11.5 

KQ 

Output Capacitance 

V|N = OV, Ta = 25®C, f = 1.0 MHz 

Qdut i 





10 

pF 

Note: Negative sign indicates outward current flow, positive indicates inward flow. | 
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TIMING REQUIREMENTS AND CHARACTERISTICS 

GENERAL NOTES CLOCK TIMING 

1. Vcc = 5V ±5%, 0°C < TA < 70°C I I I 1 MHz I 2 MHz 



Symbol 

Parameter 

Min 

Max 

Min 

Max 

Unit 

2. A valid Vcc - RES sequence is required before proper 

^CYC 

Cycle Time 

1 

10 

0.5 

10 

liS 

3. All timing reference levels are 0,8V and 2.0V, unless other- 
wise specified. 

Tpwxi 

XTLI Input Clock 
Pulse Width 
(XTLO = VSS) 

500 

±25 

■ 

250 

±10 


ns 

4. All time units are nanoseconds, unless otherwise specified. 

TpW02 

Output Clock Pulse 
Width at Minimum 
Tcyc 

Tpwxi 
+ 0 
-25 

Tpwxi 

Tpwxi 
+ 0 
-20 

Tpwxi 

ns 

5. All capacitive loading is 130 pF maximum, except for Ports A 
and B which are 50 pF maximum. 

Tr. Tp 

Output Clock Rise 
Fall Time 

— 

25 

— 

15 

ns 


T|r. T|p 

Input Clock Rise, 

Fall Time 

— 

10 

— 

10 

ns 
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ADDRESS/OATA TIMING 


Symbol 

Parameter 

1 MHz 

2 MHz 

Units 

Min 

Max 

Min 

Max 

TpCRS 

R/W Setup Time 

- 

225 

- 

140 

ns 

TpCAS 

Address Setup Time 

- 

225 

- 

140 

ns 

TpBAS 

Address Setup Time 

_ 

225 

- 

140 

ns 

T 

' PBSU 

Data Setup Time 

50 

- 

35 

- 

ns 

TpBHR 

Data Read Hold Time 

10 

— 

10 

- 

ns 

TpBHW 

Data Write Hold Time 

30 

- 

30 

- 

ns 

TpBDD 

Data Output Delay 

— 

175 

— 

150 

ns 

TpCHA 

Address Hold Time 

30 

- 

30 

- 

ns 

TpBHA 

Address Hold Time 

10 

100 

10 

80 

ns 

TpCHR 

R/W Hold Time 

30 

— 

30 

- 

ns 

TpCHV 

eI^ Hold Time 

10 

— 

10 

- 

ns 

TpcvD^^^ 

Address to EMS Delay Time 

30 

- 

30 

- 

ns 

Tpcvp 

EMS Stabilization Time 

30 

- 

30 

- 

ns 

Tesu 

EMS Setup Time 

- 

350 

- 

210 

ns 

Note 1: Values assume Address and EMS have the same capacitive load. | 
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I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 




1 MHz 

2 MHz 

Symbol 

Parameter 

Min 

Max 

Min 

Max 

TpovvC*) 

Internal Write to Peripheral Data Valid 

PA, PB, TTL 


500 


500 


PA, PB, CMOS 

— 

1000 

— 

1000 

"^RDSU 

Peripheral Data Setup Time 

PA, PB 

200 

_ 

200 

_ 

TpHR 

Peripheral Data Hold Time 

PA, PB 

75 

_ 

75 



Tepw 

PA0-PA3 Edge Detect Pulse Width 

Tcyc 

- 

Tcyc 

- 

Tcpw 

Counters A and B 

PA4, PAS Input Pulse Width 

-r 

'CYC 


Tcyc 


Tcd<^) 

PA4, PAS Output Delay 

— 

500 

— 

500 

TpBLW 

Port B Latch Mode 

PAO Strobe Pulse Width 

Tcyc 


Tcyc 


TpLSU 

PB Data Setup Time 

175 I 

— 

150 

— 

TpBLH 

PB Data Hold Time 

30 

— 

30 

— 

TpDw^^^ 

Serial I/O 

PA6 XMTR TTL 

1 

500 


500 


PA6 XMTR CMOS 

— 

1000 

— 

1000 

Tcpw 

PA4 RCVR S/R Clock Width 

4 Tqyc 

— 

4 Tcyc 

— 

TpDw^l) 

PA4 XMTR Clock— S/R Mode (TTL) 


500 

— 

500 

Tcmos^^* 

PA4 XMTR Clock— S/R Mode (CMOS) 


1000 

— 

1000 

Notes: 1. Maximum load capacitance: 50 pF; passive pull-up required. 

2. All times are in nanoseconds. 
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I/O, EDGE DETECT, COUNTER, AND SERIAL I/O TIMING 




I I 


PB V 

(LATCH MODE) /S 



-/■ 


PAO 

i 

[^1.5V 1.5V^ 

'^'PBLW 



STROBE 



TpBLH 

TpLSU “►! 
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40-PIN PLASTIC DIP 



A 1 L ► 

J U-G J U-F -JU-D ‘^JUm 


MILLIMETERS INCHES 
DIM MIN MAX MIN MA 

A 51.28 52.32 2.040 2.0t 
B 13 72 14.22 0.540 0.5( 

C 3.55 5.06 0 140 0 2C 

D 0.36 0.51 0.014 0 02 

F 1.02 1.52 0.040 0,^ 

G 2.54 BSC 0.100 BSC 

H 1.65 2.16 0.065 O.Oi 

J 0.20 0 30 0.008 0 O' 

K 3.30 4.32 0.130 0.1' 


0.51 1 02 0.020 0.0< 


44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 


INDEX 

CORNER 


D1 — 


>1 I r PIN 1 

I D2 c INDICATOR 


CHAM.J X 45° 




AB 

p 0/8 

BA 





SEATING PLANE 




SECTION A-A 

TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 


CHAM. 11 PINS 
h X 45° PER SIDE 
3 PLCS EQUALLY 
SPACES 


EJECTOR PIN MARKS 
4 PLCS BOTTOM OF 
PACKAGE ONLY 
(TYPICAL) 


16 46 16.56 

12 62 12 78 


INCHES 
MIN MA) 

0.163 0 17 

0 054 0 05 

0 091 0 09 

0 018 TYP 
0 687 0 69 

0.648 0 65 

0 497 0 50 


BOTTOM VIEW 
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SECTION 1 
INTRODUCTION 


1.1 FEATURES 

• FORTH kernel in ROM 

• Enhanced 6502 CPU 

— Four new bit manipulation instructions: 

Set Memory Bit (SMB) 

Reset Memory Bit (RMB) 

Branch on Bit Set (BBS) 

Branch on Bit Reset (BBR) 

—Decimal and binary arithmetic modes 
j —13 addressing modes 
' — True indexing 
o 1 92-byte static RAM 

e 1 6 bidirectional, TTL-compatible I/O lines (two ports, R65F1 1 ) 
or 40 bidirectional, TTL-compatible I/O lines (five ports, 
R65F12) 

o One 8-bit port with programmable latched input 

• Two 16-bit programmable counter/timers, with latches 
— Pulse width measurement 

— Asymmetrical pulse generation 
—Pulse generation 
— Interval timer 
— Event counter 
— Retriggerable interval timer 
o Serial port 

— Full-duplex asynchronous operation mode 
— Selectable 5- to 8-bit characters 
—Wake-up feature 
— Synchronous shift register mode 
— Standard programmable bit rates, programmable up to 
62.5K bits/sec 

• Ten interrupts 

— Four edge-sensitive lines; two positive, two negative 
—Reset 

—Non-maskable 
— Two counter 
— Serial data received 
— Serial data transmitted 

• Expandable to 16K bytes of external memory 


• Flexible clock circuitry 

— 2-MHz or 1 -MHz internal operation 
— Internal clock with external XTAL at two times internal 
frequency 

— External clock input divided by one or two 

• 1 ^s minimum instructton executton time @ 2 MHz 

• NMOS silicon gate, depletion load technology 
e Single +5V power supply 

o 12 mW standby power for 32 bytes of the 192-byte RAM 

• 40-pin DIP (R65F11) 

• 64-pln QUIP (R65F12) has three additional 8-bit I/O ports to 
provide a total of 40 I/O lines. 

1.2 SUMMARY 

The Rockwell R65F11 and R65F12 are complete, high-perfor- 
mance 8-blt NMOS single chip microcomputers, and are com- 
patible with all members of the R6500 family. 

The kernel of the high level Rockwell Single Chip RSC-FORTH 
language is contained in the preprogrammed ROM of the R65F1 1 
and R65F12. RSC-FORTH is based on the popular fig-FORTH 
model with extensions. All of the run time functtons of RSC- 
FORTH are contained in the ROM, including 16- and 32-bit 
mathematical, logical and stack manipulation, plus memory and 
input/output operators. The RSC-FORTH Operating System 
allows an external user program written in RSC-FORTH or 
Assembly Language to be executed from external EPROM, or 
development of such a program under the control of the R65FR1 
RSC-FORTH Development ROM. Other development ROM’s 
can also be accommodated. 

The R65F11 and R65F12 consist of an enhanced 6502 CPU, 
an internal clock oscillator, 192 bytes of Random Access Memory 
(RAM) and versatile interface circuitry. The interface circuitry 
includes two 16-bit programmable timer/counters, 16 bidirec- 
ttonal input/oiitput lines (including four edge-sensitive lines and 
Input latching on one 8-bit port), a full-duplex serial I/O channel, 
ten interrupts and bus expandability. 

The innovative architecture and the demonstrated high perfor- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 


Document No. 29651 N49 


Product Description 


Order No. 2146 
Rev. 4, June 1987 


3-203 






R65F1UR65F12 


computational power. These features in combination with the 
FORTH high level operating system make the R65F11 and 
R65F12 ideal for microcomputer applications. 

For systems requiring additional I/O ports, the 64-pin QUIP 
version, the R65F12, provides three additional 8-bit ports. 

A complete RSC-FORTH development system can be cre- 
ated with three MOS parts: the R65F11, one RAM chip and 
the R65FR1 Development ROM. 

This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 


FORTH Based Microcomputers 

(Order Number 201). A description of the instruction capabilites 
of the R6502 CPU is contained in the R6500 Microcomputer 
System Programming Manual (Order Number 202). 


1.3 ORDERING INFORMATION 


Part No. 

Description 

R65F11P 

R65F11AP 

R65F12Q 

R65F12AQ 

R65FR1P 

R65FR2P 

R65FK2P 

R65FR3P 

R65FK3P 

40-Pin FORTH Based Microcomputer at 1 MHz 
40-Pin FORTH Based Microcomputer at 2 MHz 
64-Pin FORTH Based Microcomputer at 1 MHz 
64-Pin FORTH Based Microcomputer at 2 MHz 
FORTH Development ROM for R65F11 or R65F12 
FORTH Development ROM for expanded capacity 
FORTH Kernel ROM for expanded capacity 
development 

FORTH Development ROM for R6501Q 

FORTH Kernel ROM for R6501Q 

Order No. 

Description 

2148 

FORTH Based Microcomputer User’s Manual* 


Note: 

‘Included with R65FR1. 
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SECTION 2 

INTERFACE REQUIREMENTS 


This section describes the interface requirements for the 
R65F11 and R65F12 single chip microcomputers. Figure 
2-1 is the Interface Diagram for the R65F11 and R65F12, 
Figure 2-2 shows the pin out configuration and Table 2-1 
describes the function of each pin of the R65F1 1 and R65F12. 
Figure 3-1 is a detailed block diagram. 



Figure 2-1. R65F11 and R65F12 Interface Diagram 


Table 2-1. R65F11 and R65F12 Pin Descriptions 


Signal 

Name 

Pin No. 
R65F11 

Pin No. 
R65F12 

Description 

Vcc 

21 

50 

Main power supply +5V 

Vrr 

39 

12 

Separate power pin for RAM. 

In the event that Vcc power 
is lost, this power retains 
RAM data. 

Vss 

40 

11 

Signal and power ground (OV) 

XTLI 

2 

10 

Crystal or clock input for in- 
ternal clock oscillator. Also 
allows input of XI clock sig- 
nal if XTLO is connected to 
Vss or X2 or X4 clock if 
XTLO is floated. 

XTLO 

1 

9 

Crystal output from internal 
clock oscillator. 


20 

41 

The Reset input is used to 
initialize the R65F11. This 
signal must not transition from 
low to high for at least eight 
cycles after Vcc reaches op- 
erating range and the inter- 
nal oscillator has stabilized. 

^2 

3 

13 

Clock signal output at inter- 
nal frequency. 


22 

51 

A negative going edge on the 
Non-Maskable Interrupt sig- 
nal requests that a non- 
maskable interrupt be gen- 
erated within the CPU. 

PA0-PA7 

30-23 

64-57 

Two 8-bit ports used for either 

PB0-PB7 

38-31 

8-1 

input/output. Each line of 
Ports A and B consist of an 
active transistor to Vss 
a passive pull-up to Vcc- 

PC0-PC7 

A0-A3 

A12. R/W 
A13, EMS 

4-11 

25-32 

Port C has an active pull-up 
transistor. Port D has active 
pull-up and pull-down tran- 
sistors. Ports C and D lines 
form the external multiplexed 

PD0-PD7 

A4-A11 

D0-D7 

19-12 

40-33 

address and data bus to al- 
low external memory ad- 
dressing. 

PE0.PE7 


49-42 

On the R65F12, Port E may 

PF0-PF7 


24-17 

be used for output only. Ports 

PG0-PG4 


52-56, 

F and G are similar to Ports 

PG5-PG7 


14-16 

A and B in construction and 
may be used for inputs or 
outputs. 
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SECTION 3 

SYSTEM ARCHITECTURE 


This sectbn provides a functional description of the R65F11 
and R65F12. Functionally the R65F11 consists of a CPU, 
RAM memory, two 8-bit parallel I/O ports (five in the 64-pin 
R65F12), a serial I/O port, dual counter/latch circuits, a mode 
control register, an interrupt flag/enable dual register circuit, 
and an internal Operating System. The kernel of FORTH In 
ROM complements the system hardware. A block diagram 
of the system is shown in Figure 3-1. 

NOTE 

Throughout this document, unless specified 
otherwise, all memory or register address loca- 
tbns are specified in hexadecimal notation. 


3.1 CPU LOGIC 

The R65F1 1 internal CPU is a standard 6502 configuratbn 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y): an 8-bit Stack Pointer register, and ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 

3.1.1 Accumulator 

The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 

3.1.2 Index Registers 

There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address — the sum of 
the program counter contents and the index register contents. 

When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to it prior to loading or storing the value of memory. 

Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 

3.1.3 Stack Pointer 

The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack ma nipul ation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 

The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 
location is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1 . Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1 . The Stack Pointer is then placed on the Address Bus, and 
data are read from the memory location addressed by the 
Pointer. 

The stack Is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 

3.1.4 Processor Status Register 

The 8-bit Processor Status Register contains seven status 
flags. Some of these flags are controlled by the user pro- 
gram; others may be controlled both by the user’s program 
and the CPU. The R6500 instruction set contains a number 
of conditional branch instructions which are designed to allow 
testing of these flags. See Appendix B for details. 

3.1.5 Program Counter 

The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 

3.1.6 Arithmetic And Logic Unit (ALU) 

Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 

3.1.7 instruction Register and Instruction Decode 

Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 
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3.1.8 Timing Controi 

The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 

3.1.9 Interrupt Logic 

Interrupt lo gic contr ols the sequencing of three interrupts: 
RES, NMI and IRQ. IRQ is generated by any one of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 

3.2 CPU INSTRUCTION SET 

The machine code instruction set of the R65F1 1 and R65F1 2 
microcomputers are based on the popular R6500 micropro- 
cessor set. They contain all the instructions in the standard 
R6502 set, with the addition of the four new bit instructions 
added to the R651 1 processor family. Refer to Appendix A 
for the Op Code mnemonics addressing matrix for details on 
these instructions. 


For the RAM to retain data upon lo ss of Vcc. Vrr must be 
supplied within operating range and RES must be driven low 
at least eigh t 02 clock pulses before Vcc out of operating 
range. RES must then be held low while Vcc 's out of oper- 
ating range and until at least eight 02 clock cycles after Vcc 
is again within operating range and the internal 02 oscillator 
is stabilized. Vrr must remain within Vcc operating range 
during normal operation. When Vcc is out of operating range, 
Vrr must remain within the Vrr retention range in order to 
retain data. Figure 3-2 shows typical waveforms. 


RAM OPERATING MODE RAM RETENTION MODE 


1 

1 ,, : 

1 

1 

Vrr 5 ^ 

1 i 

r© , 

© " 

© 

VccS^ 

RES 

_J " L 

— .1 — 

-r" " 


ri^® -ji 

— @ TRL0-j 



1 INITIAL APPLICATION OF Vcc AND Vrr. 

2 LOSS OF Vcc, ram ON STANDBY POWER. 

3 REAPPLICATION OF Vcc- 

4 >8 02 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 

5 >8 02 CLOCK PULSES. 


3.3 READ-ONLY-MEMORY (ROM) 

The ROM consists of preprogrammed memory with an 
address space from F400 to FFFF. It contains the run time 
kernel of the high level language Rockwell Single Chip 
FORTH. There are 133 included functions stored in the 
ROM. Codes are in the format of a two byte code field, which 
identifies the interpreter assigned to execute that word, fol- 
lowed by a variable length Parameter Field, which contains 
the instructions and data used by that interpreter according 
to the programmed intention of that definition. See Appendix 
D for a complete list of the names of all included words. All 
words needed for support of the run time operation of dedi- 
cated applications programs are included. The RSC-FORTH 
Operating System is also part of the ROM code and is 
entered upon Reset. This Operating System allow the R65F1 1 
and R65F12 to auto start a user program written in either 
RSC-FORTH or Assembly Language or enter a Develop- 
ment ROM if one is present. If no auto start program is found, 
an attempt will be made to boot an operating program from 
floppy disk. 

3.4 RANDOM ACCESS MEMORY (RAM) 

The RAM consists of 192 bytes of read/write memory with 
an assigned page zero address of 0040 through OOFF. The 
R65F11 and R65F12 provide a separate power pin (Vrr) 
which may be used for standby power for 32 bytes located 
at 0040-005F. In the event of the loss of Vcc power, the 
lowest 32 bytes of RAM data will be retained if standby power 
is supplied to the Vrr pin. If the RAM data retention is not 
required then Vrr must be connected to Vcc- During oper- 
ation Vrr must be at the Vcc level. 


Figure 3-2. Data Retention Timing 

3.5 CLOCK OSCILLATOR 

A reference frequency can be generated with the on-chip 
oscillator using an external crystal. The oscillator reference 
frequency passes through an internal countdown network 
(divide by 2) to obtain the internal operating frequency. 
The on-chip oscillator is designed for a parallel resonant 
crystal connected between XTLI and XTLO pins. The equiva- 
lent oscillator circuit is shown in Figure 3-3a. 

A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator opera- 
tion, the load capacitance (Cl), series resistance (Rs) and 
the crystal resonant frequency (F) must meet the following 
two relations: 

(C + 27) = 2Cl or C = 2Cl - 27 pF 
2x10® 

Rs < Rsmax = ^ F in MHz; Cl in pF 

(FCl)^ 

To select a parallel resonant crystal for the oscillator, first 
select the load capacitance from a Crystal Manufacturer’s 
catalog. Next, calculate Rsmax based on F and Cl. The 
selected crystal must have a Rs less than the Rsmax- 
For example, if Cl = 22 pF for a 4 MHz parallel resonant 
crystal, then 

C = (2 X 22) -27 = 17 pF 
(use standard value, 18 pF) 

The series resistance of the crystal must be less than 
2x10® 

Rsmax = r = 258 ohms 

(4x22)2 
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Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3b shows typi- 
cal connections. If XTLO is left floating, the external source 
is divided by the internal countdown network. However, if 
XTLO is tied to Vss. the internal coundown network is 
bypassed casuing the chip to operate at the freqency of the 
external source. 


The R65F11 and R65F12 operate in the CLOCK MASTER 
mode. In this mode a frequence source (crystal or external 
source) must be applied to the XTLI and XTLO pins. 

02 is a buffered output signal which closely approximates the 
internal timing. When a common external source is used to 
drive multiple devices the internal timing between devices 
as well as their 02 outputs will be skewed in time. If skewing 
represents a system problem it can be avoided by the 
Master/Slave connection and options shown in Figure 3-4. 



Figure 3-4. Master/Slave Connections 


The R65F1 1 and R65F12 is operated in the CLOCK MASTER 
MODE. A second processor could be operated in the CLOCK 
SLAVE MODE. Mask options in the SLAVE unit convert the 
02 signal into a clock input pin which is tightly coupled to the 
internal timing generator. As a result, the internal timing of 
the MASTER and SLAVE units are synchronized with mini- 
mum skew. If the 02 signal to the SLAVE unit is inverted, the 
MASTER and SLAVE UNITS WILL OPERATE OUT OF 
PHASE. This approach allows the two devices to share exter- 
nal memory using cycle stealing techniques. 



3.6 MODE CONTROL REGISTER (MCR) 

The Mode Control Register contains bits for the multi- 
function I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial Com- 
munications Control Register (SCCR), determines the basic 
configuration of the R65F11 and R65F12 in any application. 
The Model Control Register bit assignment is shown in Fig- 
ure 3-5. MCR Bits 7, 6, 5 must remain 1 ’s in order for exter- 
nal memory referencing to be enabled. 


MCR 



Figure 3-5. Mode Control Register 


The use of Counter A Mode Select is shown in Section 6.1 . 
The use of Counter B Mode Select is shown in Section 6.2. 


Figure 3-3. Clock Oscillator Input Options 


The use of Port B Latch Enable is shown in Section 4.4. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (lER) 

An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (lER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all interrupting conditions have been 
serviced and cleared. 

The Interrupt Flag Register contains the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 001 1 . Edge detect IFR bits may be 
cleared in low level code by executing a RMB instruction at 
address location 0010. The RMB X, (0010) instruction reads 
FF, modifies bit X to a "0", and writes the modified value at 
address location 001 1 . In this way IFR bits set to a "1" after 
the read cycle of a Read-Modify-Write instruction (such as 
RMB) are protected from being cleared. A logic "1" is ignored 
when writing to edge detect IFR bits. 

Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual lER bits 
may be cle ared by writing a "0" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1 . 



Flag 


Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1. Interrupt Flag Register Bit Codes 


Bit 

Code 

Function 

IFR 0; 

PAO Positive Edge Detect Flag— Set to a "1" when a positive going edge is detected on PAO. 

Cleared by RMB 0 (0010) instruction or by RES. 

IFR 1: 

PA1 Positive Edge Detect Flag — Sot to a 1 when a positive going edge is detected on PA1 . 

Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2: 

PA2 Negative Edge Detect Flag— Set to a 1 when a negative going edge is detected on PA2. 

Cleared by RMB 2 (0010) instruction or by RES. 

IFR 3: 

PA3 Negative Edge Detect Flag— Set to 1 when a negative going edge is detected on PA3. 

Cleared by RMB 3 (0010) instruction or by RES. 

IFR 4: 

Counter A Underflow Flag — Set to a 1 when Counter A underflow occurs. Cleared by reading 
the Lower Counter A at location 0018, by writing to address location 001 A, or by RES. 

IFR 5: 

Counter B Underflow Flag — Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001 C, by writing to address location 001 E, or by RES. 

IFR 6: 

Receiver Interrupt Flag — Set to a 1 when any of the Serial Communication Status Register bits 

0 through 3 is set to a 1 . Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 

RES. 

IFR 7; 

Transmitter Interrupt Flag— Set to a 1 when SCSR 6 is set to a 1 while SCSR 5 is a 0 or SCSR 

7 is set to a 1 . Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 OPERATING SYSTEM 

The system startup function, COLD, is executed upon Reset. 
COLD, a high level FORTH word, forms the basis of the RSC 
Operating System. Upon reset this function initializes the 
R65F11 or R65F12 registers to establish the external 16K 
byte memory map and disable all interrupt sources. It also 
sets up the serial channel for 1200 baud (assuming a 1 MHz 
internal clock) asynchronous transmission (seven bits, parity 
disabled). The Internal FORTH structure "W" Is prepared for 
use and the low level input/output vectors are forced to point 
to the system serial channel routines. The FORTH User Area 
Pointer, UP, is assigned the value 0300 Hex. 

A test is made of the variable CLD/WRM in memory location 
030E. If this contains a value other than A55A Hex a cold 
reset Is assumed. In this case, the low level IRQ vector, 
IRQVEC; the low level NMI Vector. NMIVEC, and the high 
level interrupt vector, INTVEC, are all forced to point to the 
system reset routine. This prevents an unintentionally gen- 
erated interrupt from crashing the system. System variables 
TIB, RO, SO, UC/L, UPAD, UR/W and BASE are also ini- 
tialized to their default values. 


Whether a warm or cold reset, the memory map is then 
searched at every 1 K byte boundary starting at location 0400 
Hex. The first two bytes at each boundary are checked 
against an A55A Hex bit pattern. This pattern indicates that 
an auto start program is Installed. The next two bytes are 
assumed to point to the Parameter Field of the high level 
RSC-FORTH word to be executed upon reset. This may be 
the main function of a user defined program or the start up 
routine of a Development ROM. Figure 3-7 details proper 
alignment. 

If no auto start ROM is found, the Operating System turns 
control over to a program that issues a "NO ROM" message 
to the systems terminal via the serial channel and attempts 
to boot a program from disk. A floppy disk controller, com- 
patible with the WD1793 type, is assumed to be present at 
address 01 00 Hex. The first half of Track 0 Sector 1 is loaded 
from a double density boot diskette into RAM starting at 
address 005F. When successfully loaded execution will be 
turned over to this boot program. 



Figure 3-7. Auto Start ROM 


3-212 





R65F11.R65F12 


FORTH Based Microcomputers 


SECTION 4 

PARALLEL INPUT/OUTPUT PORTS 


The R65F11 has 16 I/O lines grouped into two 8-bit ports 
(PA, PB) and 16 lines programmed as an Address/Data bus 
(PC & PD). Ports A and B may be used either for input or 
output individually or in groups of any combination. The 
R65F12 has 24 additional port lines grouped into three 8-bit 
ports (PE, PF, PG). 

Multifunction I/O’s such as Port A are protected from normal 
port I/O instructions when they are programmed to perform 
a multiplexed function. 

Internal pull-up resistors (FET’s with an impedance range of 
3K Rpu =5 12K ohm) are provided on all port pins. 

The direction of the I/O lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page 
address instructions. There are no direction registers asso- 
ciated with the I/O ports, which simplifies I/O handling. The 
I/O addresses are shown in Table 4-1. 


Table 4-1. I/O Port Addresses 


Port 

Address 

A 

0000 

B 

0001 

E 

0004 

F 

0005 

G 

0006 


Appendix F.4 shows the I/O Port Timing. 


4.1 INPUTS 

Inputs for Ports A and B are enabled by loading logic 1 into 
all I/O port register bit positions that are to correspond to 
I/O input lines. A low (<0.8V) input signal will cause a logic 
0 to be read when a read instruction is issued to the port 
regi ster. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all I/O port registers to logic 1 thus 
initially treating all I/O lines as inputs. 

The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the I/O port registers. 

Read/Modify/Write instructions can be used to modify the 
operation of PA and PB. During the Read cycle of a Read/ 
Modify/Write instruction the Port I/O register is read. For all 
other read instructions the port input lines are read. Read/ 
Modify/Write instructions are: ASL, DEC, INC, LSR, RMB, 
ROL, ROR, and SMB. 


4.2 OUTPUTS 

Outputs for Ports A and B are controlled by writing the 
desired I/O line output states into the corresponding I/O port 
register bit positions. A logic 1 will force a high (>2.4V) 
output while a logic 0 will force a low (<0.4V) output. 

4.3 PORT A (PA) 

Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter I/O lines, or an input 
data strobe for the Port B input latch option. Table 4-3 tab- 
ulates the control and usage of Port A. 

In addition to their normal I/O functions, PAO and PA1 can 
detect positive going edges, and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate ab 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detectti is one- 
half the 02 clock rate. Edge detection timing is shown in 
Appendix F.4. 

4.4 PORT B (PB) 

Port B can be programmed as an 8 bit, bit independent I/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-2 tabulates the control and usage of Port B. An Input Data 
Strobe signal must be provided thru PAO when Port B is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Appendix F.4. 


Table 4-2. Port B Control & Usage 


Pin 

No. 

R65F11 

Pin 

No. 

R65F12 

I/O Mode 

Latch 

Mode 

MCR4 = 0 

MCR4 = 1 
(2) 

Signal 

Signal 

Name 

Type (1) 

Name 

Type 

38 

8 

PBO 

I/O 

PBO 

INPUT 

37 

7 

PB1 

I/O 

PB1 

INPUT 

36 

6 

PB2 

I/O 

PB2 

INPUT 

35 

5 

PB3 

I/O 

PB3 

INPUT 

34 

4 

PB4 

I/O 

PB4 

INPUT 

33 

3 

PB5 

I/O 

PB5 

INPUT 

32 

2 

PB6 

I/O 

PB6 

INPUT 

31 

1 

PB7 

I/O 

PB7 

INPUT 


(1) Resistive pull-up, active buffer pull down 

(2) Input data is stored in port B latch by PAO pulse 
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Table 4-3. Port A Control and Usage 


R65F11/R65F12 

port‘5) 

PAO I/O 

PORT B LATCH MODE 


MCR4 = 0 

MCR4 = 1 

pao<2) 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PAO 

I/O 

PORT B 

LATCH STROBE 

INPUT*’’ 

PA1<2) 

PA2(3) 

PA3<^’ 

PA1-PA3 I/O 




SIGNAL 



NAME 

TYPE 


PA1 

PA2 

PA3 

I/O 

I/O 

I/O 


PA4 

PA4 I/O 

I COUNTER A I/O | 

MCRO = 0 

MCR1 = 0 

SCCR7 = 0 

RCVR S/R MODE = 

(6) 

MCRO = 1 

MSR1 = 0 

SCCR7 = 0 

RCVR S/R MODE = 0<^^ 

SCCR7 = 0 

SCCR6 = 0 

MCR1 = 1 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PA4 

I/O 

CNTA 

OUTPUT 

CNTA 

INPUT (1) 

SERIAL I/O SHIFT REGISTER CLOCK | 

SCCR7 = 1 

SCCR5 = 1 

RCVR S/R MODE = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

XMTR CLOCK 


OUTPUT 

RCVR CLOCK 

INPUT (1) 

PAS 

PAS I/O 


COUNTER B I/O 


MCR3 = 0 

MCR2 = 0 

MCR3 = 0 

MCR2 = 1 

MCR3 = 1 

MCR2 = X 

SIGNAL 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

NAME 

TYPE 

PAS 

I/O 

CNTB 

OUTPUT 

CNTB 

INPUT (1) 

PA6 

PA6 

I/O 

SERI/ 
XMTR C 

\L I/O 
)UTPUT 

(1) HARDWARE BUFFER FLOAT 

(2) POSITIVE EDGE DETECT 

(3) NEGATIVE EDGE DETECT 

(4) RCVR S/R MODE = 1 WHEN 
SCCR6 • SCCR5 • SCCR4 = 1 

(5) APPLIES TO EITHER R65F11 

OR R65F12 PORT (SEE PIN 
DIAGRAM) 

(6) FOR THE FOLLOWING MODE 
COMBINATIONS PA4 IS 
AVAILABLE AS AN INPUT 

ONLY PIN; 

SCCR7 = 0 

SCCR7 = 1 

SIGNAL 

SIGNAL 

NAME 

TYPE 

NAME 

TYPE 

PA6 

I/O 

XMTR 

OUTPUT 

PA7 

PA7 

I/O 

SERIAL I/O 

RCVR INPUT 

SCCR6 = 0 

SCCR6 = 1 

SIGNAL 

SIGNAL 

MCR1 + SC 

3R7 • SCCR6 • 

R1 4 - SCCR7 • 

NAME 

TYPE 

NAME 

TYPE 

SCCR4 • MC 

PA7 

I/O 

RCVR 

INPUT (1) 

SCCR5 • SCCR4* 
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4.5 PORT C (PC) 

Port C is preprogrammed as part of the Address/Dat a bus . 
PC0-PC7 function as A0-A3, A12. Ft/W, A13, and EMS, 
respectively, as shown in Table 4-4. EMS (External Memory 
Select) is asserted (low) whenever the internal processor 
accesses memory area between 0100 and 3 FFF. (See 
Memory Map, Appendix C). The leading edge of EMS may 
be used to strobe the eight address lines multiplexed on Port 
D. See Appendix F.3 for Port C timing. 


4.6 PORT D (PD) 

Port D is also preprogrammed as part of the Address/Data 
bus. Data bits DO through D7 are time multiplexed with 
address bits A4 through A11, respectively. Refer to the 
Memory Maps (Appendix C) for Multiplexed memory assign- 
ments. See Appendix F.3 for Port D timing. 

4.7 PORT E (PE), PORT F (PF), 

PORT G (PG) 

Ports E, F and G are available on the R65F12 only. Port E 
can only be used as outputs. Port F and Port G can be used 
for inputs or outputs and are similar to Port A and Port B in 
operation. 


Table 4-4. Port C Control and Usage 


R65F11/ 

R65F12 

Port 

Multiplexed 

Mode 

MCR7 = 1 

MCR6 = 1 

Signal 

Name 

Type (1) 

PCO 

AO 

OUTPUT 

PCI 

A1 

OUTPUT 

PC2 

A2 

OUTPUT 

PC3 

A3 

OUTPUT 

PC4 

A12 

OUTPUT 

PCS 

R/W 

OUTPUT 

PCS 

A13 

OUTPUT 

PC7 

EMS 

OUTPUT 


Table 4-5. Port 0 Control and Usage 



Multiplexed 

Mode 



MCR7 = 1 




MCR6 = 1 




MCR5 = 1 



Signal 

Signal 

R65F11/ 









R65F12 

Phase 1 

Phase 2 

Port 

Name 

Type (2) 

Name 

Type (3) 

PDO 

A4 

OUTPUT 

DATAO 

I/O 

PD1 

AS 

OUTPUT 

DATA1 

I/O 

PD2 

A6 

OUTPUT 

DATA2 

I/O 

PD3 

A7 

OUTPUT 

DATA3 

I/O 

PD4 

A8 

OUTPUT 

DATA4 

I/O 

PD5 

A9 

OUTPUT 

DATAS 

I/O 

PD6 

A10 

OUTPUT 

DATA6 

I/O 

PD7 

A11 

OUTPUT 

DATA7 

I/O 


(1) , Active Buffer Pull-up and Pull-Down 

(2) Tri-State Buffer is in Active Mode 

(3) Tri-State Buffer is in Active Mode only during the Phase 2 Portion of a Write Cycle 
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SECTION 5 

SERIAL INPUT/OUTPUT CHANNEL 


The R65F11 and R65F12 Microcomputers provide a full 
duplex Serial I/O channel with programmable bit rates and 
operating modes. The serial I/O functions are controlled by 
the Serial Communication Control Register (SCCR). The 
SCCR bit assignment is shown in Figure 5-1 . The serial bit 
rate is determined by Counter A for all modes except the 
Receiver Shift Register (RCVR S/R) mode for which an 
external shift clock must be provided. The maximum data 
rate using the internal clock is 62.5K bits per second (@ 02 
= 1 MHZ). The transmitter (XMTR) and receiver (RCVR) can 
be independently programmed to operate in different modes 
and can be independently enabled or disabled. 


SCCR 7 6 5 4 3 2 1 0 


Addr 0015 


0~Odd Parity 
WEven Parity 


0 Parity Disable 
I I 1 Parity Enable 
0 0~8 Bits/Char 

0 1~7 Bits/Char 

1 0~6 Bits/Char 

1 1 ~ 5 Bits/Char 


0 0 XMTR & RCVR ASYN Mode 

0 1 XMTR ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 

0 RCVR Disable 

1 RCVR Enable 


0 XMTR Disable 

1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 



Figure 5-2. Bit Allocations 

In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 


Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal ctock. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCCR5, SCCR6 and 
SCCR7. 


IFR7 = SCSR6 (SCCR5 + SCCR7) 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Countei" A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 

5.1 TRANSMITTER OPERATION (XTMR) 

The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown below. When parity is dis- 
abled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 


5.2 RECEIVER OPERATION (RCVR) 

The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a ‘‘1.’’ In the ASYN mode, 
data format must have a start bit, appropriate number of data 
bits, a parity bit (if enabled) and one stop bit. Refer to Figure 
5-2 for a diagram of bit allocations. The receiver bit period 
is divided into 8 sub-intervals for internal synchronization. 
The receiver bit stream is synchronized by the start bit and 
a strobe signal is generated at the approximate center of 
each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1 . 
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Figure 5-3. ASYN Receive Data Timing 

In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 



Figure 5-4. S/R Mode Timing 

A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 

5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 

The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 

SCSR 0: Receiver Data Register Full-Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cle ared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
0 bit will not be set to a logic 1 if the received data 
contains an error condition, however, a corre- 
sponding error bit will be set to a logic 1 instead. 

SCSR 1 ; Over-Run Error-Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister, with the last character still in the Receiver 
Data Register. This bit is cle ared b y reading the 
Receiver Data Register, or by RES. 

SCSR 2: Parity Error — Set to logic 1 when the RCVR is in 
the ASYN Mode, Parity Enable bit is set, and the 


received data has a parity error. This bit is cl eared 
by reading the Receiver Data Register or by RES. 

SCSR 3; Framing Error— Set to a logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Clea red b y reading the 
Receiver Data Register or by RES. (ASYN Mode 
only). 

SCSR 4: Wake-Up— Set to a logic 1 by writing a "1" in bit 
4 of a ddress: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive Vs. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 

SCSR 5: End of Transmission — Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0 016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 

SCSR 6: Transmitter Data Register Empty — Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister is transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

SCSR 7: Transmitter Under-Run — Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of n ew d ata into the Transmitter Shift 
Register, or by RES. 



[_ RCVR Data 
Reg Full 
L RCVR Over-Run 


L Parity Error 
Frame Error 
L Wake-Up 
End of Transmission 
>- XMTR Data Reg Empty 
■- XMTR Urxler-Run 


Figure 5-5. SCSR Bit Allocations 

5.4 WAKE-UP FEATURE 

In a multi-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU’s to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
ten consecutive Vs which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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SECTION 6 
COUNTER/TIMERS 


The R65F1 1 and R65F12 Microcomputers contain two 16-bit 
counters (Counter A and Counter B) and three 16-bit latches 
associated with the counters. Counter A has one 16-bit latch 
and Counter B has two 16-bit latches. Each counter can be 
independently programmed to operate in one of four modes: 


Counter A 


Counter B 


• Pulse width 
measurement 

• Pulse Generation 

• Interval Timer 

• Event Counter 


• Retriggerable Interval Counter 

• Asymmetrical Pulse 
Generation 

• Interval Timer 

• Event Counter 


Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All counting begins at the 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B (see Table 4.2). 


Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) 
will be set to "1". This bit may be cleared by reading the 
Lower Counter A at loca tion 0018, by writing to address 
location 001 A, or by RES. 

Counter A operates in any of four modes. These modes are 
selected by the Counter A Mode Control bits in the Control 
Register. See Table 6-1. 


Table 6-1. Counter A Control Bits 


MCR1 
(bit 1) 

MCRO 
(bit 0) 

Mode 

0 

0 

Interval Timer 

0 

1 

Pulse Generation 

1 

0 

Event Counter 

1 

1 

Pulse Width Measurement 


6.1 COUNTER A 

Counter A consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter A (LCA), Upper Counter 
A (UCA), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001 A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears the Counter A Underflow 
Flag (IFR4). 

The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch A at location 001 9 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001 A. The contents of the accumulator will be copied into the 



The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 

The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 

6.1.1 Interval Timer 

In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions:- 

1 . When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 

2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001 A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 

The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore Vs to 65 535 
ms at the 1 MHz 02 clock rate or 0.5 /xs to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 

When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1 . If the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as a PA I/O bit. 

A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1 . 

6.1.2 Pulse Generation Mode 

In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow ocjcurs, or a 
write is performed to address 001 A. 

The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001 A. 

Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 

A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 

6.1.3 Event Counter Mode 

In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 

The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


The Counter A underflow flag will be set only when the count 
In the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 

A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6-3. 



6.1.5 Serial I/O Data Rate Generation 

Counter A also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial I/O port. When the 
Serial I/O is enabled. Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter I/O (PA4) may also be required to 
support the Serial I/O (see Table 4-2). 


Figure 6.2 is a timing diagram of the Event Counter Mode. 



Table 6-2 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 02 clock rate of 1 MHz 
and 2 MHz. Although Table 6-2 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 



16 X bps 


where 

N = decimal value to be loaded into Counter A using 
its hexadecimal equivalent. 

02 = the clock frequency (1 MHz or 2 MHz) 

bps = the desired data rate. 


6.1.4 Pulse Width Measurement Mode 

This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 02 clock rate as long as the CA line is held in 
the low state. The Counter is stopped when CA is in the high 
state. 


NOTE 

In Table 6-2 you will notice that the standard data rate 
and the actual data rate may be slightly different. 
Transmitter and receiver errors of 1.5% or less are 
acceptable. A revised clock rate is included in Table 
6-2 for those baud rates which fall outside this limit. 
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Table 6-2. Counter A Values for Baud Rate Selection 


Standard 

Baud 

Hexadecimal 

Value 

Actual 

Baud 

Rate At 

Clock Rate 
Needed 

To Get 
Standard 
Baud Rate 

Rate 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

1 MHz 

2 MHz 

50 

04E1 

09C3 

50.00 

50.00 

1.0000 

2.0000 

75 

0340 

0682 

75.03 

74.99 

1.0000 

2.0000 

110 

0237 

046F 

110.04 

110.04 

1 .0000 

2.0000 

150 

01A0 

0340 

149.88 

150.06 

1.0000 

2.0000 

300 

OOCF 

01AO 

300.48 

299.76 

1.0000 

2.0000 

600 

0067 

OOCF 

600.96 

600.96 

1.0000 

2.0000 

1200 

0033 

0067 

1201.92 

1201.92 

1.0000 

2.0000 

2400 

0019 

0033 

2403.85 

2403.85 

1.0000 

2.0000 

3600 

0010 

0021 

3676.47 

3676.47 

0.9792 

1.9584 

4800 

OOOC 

0019 

4807.69 

4807.69 

1.0000 

2.0000 

7200 

0008 

0010 

6944.44 

7352.94 

1 .0368 

1.9584 

9600 

0006 

OOOC 

8928.57 

9615.38 

1 .0752 

2.0000 


6.2 COUNTER B 

Counter B consists of a 1 6'bit counter and two 1 6-blt latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch C (ULC), Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either 02 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter B may be read any time by executing a read 
at location 001 D for the Upper Counter B and at location 
001 E or 001 C for the Lower Counter B. A read at location 
001 C also clears the Counter B Underflow Flag. 

Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch 
B at location 001 D and the Lower Latch B at location 001C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 

Counter B can be initialized at any time by writing to address: 
001 E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 1 6-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFRS) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 

IFR 5 may be cleared by reading the Lower Counter B at 
locat ion 001 C, by writing to address location 001 E, or by 
RES. 

Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 

6.2.1 Retriggerable Interval Timer Mode 

When operating in the Retriggerable Interval Timer mode. 
Counter B is initialized to the latch value by writing to address 
001 E, by a Counter B underflow, or whenever a positive edge 
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occurs on the CB pin (PAS). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 



Figure 6-4. Counter B. Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 

Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 

In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the following descriptions). 
The initialization sequence for Latch B and C and the starting 
of a counting sequence are as follows: 

1 . The lower 8 bits of P are loaded into LLB by writing to 
address 001 C, and the upper 8 bits of P are loaded 
into ULB and the full 16 bits are transferred to Latch 
C by writing to address location 001 D. At this point 
both Latch B and Latch C contain the value of P. 

2. The lower 8 bits of D are loaded into LLB by writing to 
address 001 C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001 E. Writing 
to address location 001 E also causes the contents of 
the 1 6-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 

3. When the Counter B underflow occurs the contents of 
the Latch C is loaded into the Counter B, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch B is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process. 



Figure 6-5. Counter B Pulse Generation 
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SECTION 7 

POWER ON/INITIALIZATION CONSIDERATIONS 

7.1 POWER-ON-RESET 

The occurrence of RES going from low to high will cause the 
R65F11 or R65F12 to reset and enter the RSC-FORTH 
Operating System. As was described in Section 3.8, upon 
reset certain system variables will be initialized. See Appendix 
C.4 for a list of these variables names, locations and con- 
tents. The external memory map will be searched for an auto 
start ROM. 


A bit pattern of A55A at a 1 K byte page boundary indicates 
that an auto start program follows. The next two bytes are 
assumed to be a pointer to the high level RSC-FORTH word 
that is the entry point to that program. Auto start programs 
is written in assembly language, rather than RSC-FORTH, 
a series of indirect pointers as shown in 3-7 can be used to 
initiate program execution. 


7.2 POWER ON TIMING 

After app licati on of Vcc and Vrr power to the R65F11 or 
R65F12, RES must be held low for at least eight fli2 clock 
cycles after Vcc reaches operating range and the internal 
oscillator has stabilized. This stabilization time is dependent 
upon the input Vcc voltage and performance of the internal 
oscillator. The clock can be monitored at fi2 (pin 3). Figure 
7-1 illustrates the power turn-on waveforms. Clock stabili- 
zation time is typically 20 ms. 


vcc 0 C 

Grower on 

K CLOCK H 
STABILIZATION 
TIME 

^02 CLOci^ 


RES_ 


CYCLES MINp 


Figure 7-1. Power Turn-On Timing Detail 


7.3 RESET (RES) CONDITIONING 

When RES is driven from low to high the R65F1 1 or R65F12 
is put in a reset state. The registers and I/O ports are con- 
figured as shown in Table 7-1 when the external ROM is 
autostarted. 

Table 7-1. RES Initialization of I/O Ports and Registers 



7 

6 

5 

4 

3 

2 

1 

0 

REGISTERS 









Mode Control (MCR) 

1 

1 

1 

0 

0 

0 

0 

0 

Int. Enable (lER) 

0 

0 

0 

0 

0 

0 

0 

0 

Int. Flag (IFR) 

0 

0 

0 

0 

0 

0 

0 

0 

Ser. Com. Control (SCCR) 

1 

1 

0 

0 

0 

1 

0 

0 

Ser. Com. Status (SCSR) 

0 

1 

0 

0 

0 

0 

0 

0 

PORTS 









PA Latch 

1 

1 

1 

1 

1 

1 

1 

1 

PB Latch 

1 

1 

1 

1 

1 

1 

1 

1 
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APPENDIX A 

R65F11 AND R65F12 INSTRUCTION SET 


This appendix contains a summary of the R6500 instruction 
set. For detailed information, consult the R6500 Microcom- 
puter System Programming Manual, Document 29650 N30. 
The four instructions notated with a * are added instructions 
for the R65F11 and R65F12 which are not part of the stan- 
dard 6502 instruction set. 

A.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE 


Mnemonic 

Instruction 

Mnemonic 

Instruction 

ADC 

Add Memory to Accumulator with Carry 

LDA 

Load Accumulator with Memory 

AND 

"AND" Memory with Accumulator 

LDX 

Load Index X with Memory 

ASL 

Shift Left One Bit (Memory or Accumulator) 

LDY 

Load Index Y with Memory 



LSR 

Shift One Bit Right (Memory or 

*BBR 

Branch on Bit Reset Relative 


Accumulator) 

‘BBS 

Branch on Bit Set Relative 



BCC 

Branch on Carry Clear 

NOP 

No Operation 

BCS 

Branch on Carry Set 



BEQ 

Branch on Result Zero 

ORA 

"OR" Memory with Accumulator 

BIT 

Test Bits in Memory with Accumulator 



BMI 

Branch on Result Minus 

PHA 

Push Accumulator on Stack 

BNE 

Branch on Result not Zero 

PHP 

Push Processor Status on Stack 

BPL 

Branch on Result Plus 

PLA 

Pull Accumulator from Stack 

BRK 

Force Break 

PLP 

Pull Processor Status from Stack 

BVC 

Branch on Overflow Clear 



BVS 

Branch on Overflow Set 

*RMB 

Reset Memory Bit 



ROL 

Rotate One Bit Left (Memory or 

CLC 

Clear Carry Flag 


Accumulator) 

CLD 

Clear Decimal Mode 

ROR 

Rotate One Bit Right (Memory or 

CLI 

Clear Interrupt Disable Bit 


Accumulator) 

CLV 

Clear Overflow Flag 

RTI 

Return from Interrupt 

CMP 

Compare Memory and Accumulator 

RTS 

Return from Subroutine 

CPX 

Compare Memory and Index X 



CPY 

Compare Memory and Index Y 

SBC 

Subtract Memory from Accumulator with 




Borrow 

^ DEC 

Decrement Memory by One 

SEC 

Set Carry Flag 

DEX 

Decrement Index X by One 

SED 

Set Decimal Mode 

DEY 

Decrement Index Y by One 

SEI 

Set Interrupt Disable Status 



*SMB 

Set Memory Bit 

EOR 

"Exclusive-Or" Memory with 

STA 

Store Accumulator in Memory 


Accumulator 

STX 

Store Index X in Memory 



STY 

Store Index Y in Memory 

INC 

Increment Memory by One 



INX 

Increment Index X by One 

TAX 

Transfer Accumulator to Index X 

INY 

Increment Index Y by One 

TAY 

Transfer Accumulator to Index Y 



TSX 

Transfer Stack Pointer to Index X 

JMP 

Jump to New Location 

TXA 

Transfer Index X to Accumulator 

JSR 

Jump to New Location Saving Return 

TXS 

Transfer Index X to Stack Register 


Address 

TYA 

Transfer Index Y to Accumulator 
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A.2 R65F11 AND R65F12 INSTRUCTION SET SUMMARY TABLE 


INSTRUCTIONS 




IMMEDIATE 

ABSOLUTE 

ZERO PAGE 

ACCUM. 

IMPLIED 

MNEMONIC 

OPERATION 

OP 

- 

# 

OP 


# 

OP 

n 

<► 

OP 

" 


OP 

" 

* 

ADC 

A-M-O-A (4)(1) 

69 

2 

2 

6D 


3 

65 

3 

2 







AND 

A M^A (1) 

29 

2 

2 

2D 

4 

3 

25 

3 

2 







ASL 

C- [7 on -0 




OE 

6 

3 

06 

5 

2 

OA 

2 





BBRlHilO-Z)) 

Branch on M,-0 (5) (2) 
















BBS{#(0-7)1 

Branch on M,-1 (5)(2) 
















BCC 

Branch on C * 0 (2) 
















BCS 

Branch on C-1 (2) 
















BEQ 

Branch on Z - l (2) 
















BIT 

AAM 




2C 


3 

24 

3 

2 







BMI 

Branch on N = 1 (2) 
















BNE 

Branch on Z = 0 (2) 
















BPL 

Branch on N = 0 (2) 
















BRK 

Break 













00 

7 

1 

BVC 

Branch on V = 0 (2) 
















BVS 

Branch on 1 (2) 
















CLC 

O-C 













18 

2 

1 

CLD 

0--D 













D8 

2 


CLI 

0-1 













58 

2 


CLV 

0-V 













B8 

2 


CMP 

A M (1) 

C9 

2 

2 

CD 

4 

3 

C5 

3 

2 







CPX 

X M 

EO 

2 

2 

EC 

4 

3 

E4 

3 

2 







CPY 

Y M 

CO 

2 

2 

CC 

4 

3 

C4 

3 

2 







DEC 

M 1 — M 




CE 

6 

3 

C6 

5 

2 







DEX 

X I^X 













CA 

2 

1 

DEY 

Y 1— Y 













88 

2 


EOR 


49 

2 

2 

4D 

4 

3 

45 

3 

2 







INC 

M • 1— M 




EE 

6 

3 

E6 









INX 

X • 1-X 













E8 

2 


INY 

Y • 1 -Y 













C8 

2 


JMP 

Jump to New Loc 




4C 

3 

3 










JSR 

Jump Sub 




20 

6 

3 










LDA 

M— A (1) 

A9 

2 

2 

AD 

4 

3 

A5 

3 

2 







LDX 

M—X (1) 

A2 

2 

2 

AE 

4 

3 

A6 

3 

2 







LDY 

M-Y (1) 

AO 

2 

2 

AC 

4 

3 

A4 

3 

2 







LSR 

0- 17 01 -C 




4E 

6 

3 

46 

5 

2 


2 

1 




NOP 

No Operation 













EA 

2 

1 

ORA 

AVM-A(I) 

09 

2 

2 

OD 

4 

3 

05 

3 

2 







PHA 

A-Ms S 1-S 













48 

3 

1 

PHP 

P-Ms S 1-S 













08 

3 

1 

PLA 

S-1-S Ms-A 













68 

4 

1 

PLP 

S-1-S Ms-P 













28 

4 

1 

RMB[#(0-7)1 

0-Mo (5) 
















ROL 





2E 

6 

3 

26 

5 

2 

2A 

2 

1 




ROR 

rHQJ — — 11_ QJ — 1 




6E 

6 

3 

66 

5 

2 

6A 

2 

1 




RTI 

Rtrn Int 













40 

6 

1 

RTS 

Rtrn Sub 













60 

6 

1 

SBC 

A M C-A (1)(4) 

E9 

2 

j 

ED 

4 

3 

E5 

3 

2 







SEC 

1-C 













38 

2 

1 

SED 

1-D 













F8 

2 

1 

SEI 

l-T 













78 

2 

1 

SMB[#(0-7)1 

1-M„ (5) 
















STA 

A-M 




8D 

4 

3 

85 

3 

2 







STX 

X-M 




8E 

4 

3 

86 

3 

2 







STY 

Y-M 




8C 

4 

3 

84 

3 

2 







TAX 

A-X 













AA 

2 


TAY 

A-Y 













A8 

2 


TSX 

S-X 













BA 

2 


TXA 

X-A 













8A 

2 


TXS 

X-S 













9A 

2 


TYA 

Y-A 













98 

2 



R65F11 AND R65F12 ADDRESS MODES 


(IND. X) 

(IND). y 

Z. PAGE. X 

ABS. X 

ABS, Y 

RELATIVE 

INDIRECT 

Z. PAGE. Y 

BIT ADDRESSING (OP BY 

OP 

n 

' 

OP 

n 

# 

OP 

" 

> 

OP 

" 


OP 

n 


OP 

n 


OP 

n 

# 

OP 

n 

- 

0 

1 

2 

3 

4 

5 

61 

6 

2 

71 

5 

2 

75 

Ti 

2 

7D 

4 

3 

79 

4 

3 
















21 

6 

2 

31 

5 

2 

35 

4 

2 

3D 

4 

3 

39 

4 

3 






















16 

6 

2 

IE 

7 

3 











































OF 

IF 

2F 

3F 

4F 

5F 

























8F 

9F 

AF 

BF 

CF 

DF 
















90 

2 

2 




























BO 

2 

2 




























FO 

2 

2 




























30 

2 

2 




























DO 

2 

2 




























10 

2 

2 




























50 

2 

2 




























70 

2 

2 













Cl 

6 

2 

D1 

5 

2 

D5 

4 

2 

DO 

4 

3 

D9 

4 

3 






















D6 

6 

2 

OE 

7 

3 



















41 

6 

2 

51 

5 

2 

55 

4 

2 

5D 

4 

3 

59 

4 

3 






















F6 

6 

2 

FE 

7 

3 





































6C 

5 

3 










A1 

6 

2 

B1 

5 

2 

B5 

4 

2 

BD 

4 

3 

B9 

4 

3 




























BE 

4 

3 







B6 

4 

2 













B4 

4 

2 

BC 

4 

3 

























56 

6 

2 

5E 

7 

3 



















01 

6 

2 


5 

2 

15 


2 

ID 


3 

19 


3 
































j 








07 

17 

27 

37 

47 

57 







36 

6 

2 

3E 

7 

3 

























76 

6 

2 

7E 

7 

3 




! 















El 

6 

2 

FI 

5 

2 

F5 

4 

2 

FD 

4 

3 

F9 


3 


1 






































87 

97 

A7 

B7 

C7 

D7 

81 

6 

2 

91 

6 

2 

95 

4 

2 

9D 

5 

3 

' . 

5 

3 





































96 

4 

2 













94 


2 

























PROCESSOR STATUS 
CODES 


7 6 5 4 3 2 1 0 

7 N V • B D I Z C 

N V . • • • Z C 

N Z • 

N Z C 


7F 

FF 


NOTES 

1 Add 1 to N if page boundary is crossed 

2. Add 1 to N if branch occurs to same page 
Add 2 to N if branch occurs to different page 

3. Carry not = Borrow 

4 If in decimal mode Z flag is invalid 
accumulator must be checked on zero result 

5 Effects 8-bit data field of the specified zero page address 


LEGEND 

X = Index X 

Y = Index Y 

A = Accumulator 

M = Memory per effective address 

M, = Memory per stack pointer 

Mo = Selecler zero page memory bit 
M, = Memory Bit 7 


M, = Memory Bit 6 
= Add 
= Subtract 
A = And 

V = Or 

= Exclusive Or 
n = Number of cycles 

# = Number of Bytes 
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A.3 INSTRUCTION CODE MATRIX 



BRK 

ORA 

0 

Implied 

(IND. X) 


1 7 

2 6 


' BPL 

ORA 

1 

Relative 

(IND). Y 


2 2** 

2 5* 


JSR 

AND 

2 

Absolute 

(IND. X) 


3 6 

2 6 


BMI 

AND 

3 

Relative 

(IND. Y) 


2 2** 

2 5* 


RTI 

EOR 

4 

Implied 

(IND. X) 


1 6 

2 6 


BVC 

EOR 

5 

Relative 

(IND), Y 


2 2** 

2 5* 


RTS 

ADC 

6 

Implied 

(IND. X) 


1 6 

2 6 


BVS 

ADC 

7 

Relative 

(IND. Y) 


2 2” 

2 5* 



STA 

8 


(IND. X) 



2 6 


BCC 

STA 

9 

Relative 

(IND. Y) 


2 2** 

2 6 


LDY 

LDA LDX 

A 

IMM 

(IND. X) IMM 


2 2 

2 6 2 2 


BCS 

LDA 

B 

Relative 

(IND). Y 


5 

6 

7 

8 

ORA 

ASL 

RMBO 

PHP 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 3 

ORA 

ASL 

RMB1 

CLC 

ZP. X 

ZP.X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

AND 

ROL 

RMB2 

PLP 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 4 

AND 

ROL 

RMB3 

SEC 

ZP. X 

ZP.X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 i 

EOR 

LSR 

RMB4 

PHA 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 3 

EOR 

LSR 

RMB5 

CLI 

ZP. X 

ZP.X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

ADC 

ROR 

RMB6 

PLA 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 4 

ADC 

ROR 

RMB7 

SEI 

ZP. X 

ZP.X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

STA 

STX 

SMBO 

DEY 

ZP 

ZP 

ZP 

Implied 

2 3 

2 3 

2 5 

1 2 

STA 

STX 

SMB1 

TYA 

ZP. X 

ZP, Y 

ZP 

Implied 

2 4 

2 4 

2 5 

1 2 

LDA 

LDX 

SMB2 

TAY 

ZP 

ZP 

ZP 

Implied 

2 3 

2 3 

2 5 

1 2 

LDA 

LDX 

SMB3 

CLV 

ZP, X 

ZP. Y 

ZP 

Implied 

2 4 

2 4 

2 5 

1 2 

CMP 

DEC 

SMB4 

INY 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 2 

CMP 

DEC 

SMBS 

CLD 

ZP. X 

ZP. X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

SBC 

INC 

SMB6 

INX 

ZP 

ZP 

ZP 

Implied 

2 3 

2 5 

2 5 

1 2 

SBC 

INC 

SMB7 

SED 

ZP. X 

ZP.X 

ZP 

Implied 

2 4 

2 6 

2 5 

1 2 

5 

6 

7 

8 


ORA 

IMM 

2 2 

ASL 

Accum 

1 2 



ORA 
ABS, Y 

3 4* 




AND 

IMM 

2 2 

ROL 

Accum 

1 2 


BIT 

ABS 

3 4 

AND 
ABS, Y 

3 4* 




EOR 

IMM 

2 2 

LSR 

Accum 

1 2 


JMP 

ABS 

3 3 

EOR 
ABS. Y 

3 4* 




ADC 

IMM 

2 2 

ROR 

Accum 

1 2 


JMP 
Indirect 
3 5 

ADC 
ABS. Y 

3 4* 





TXA 

Implied 

1 2 


STY 

ABS 

3 4 

STA 
ABS. Y 

3 5 

TXS 

Implied 

1 2 



LDA 

IMM 

2 2 

TAX 

Implied 

1 2 


LDY 

ABS 

3 4 

LDA 
ABS. Y 

3 4* 

TSX 

Implied 

1 2 


LDY 
ABS, X 
3 4* 

CMP 

IMM 

2 2 

DEX 

Implied 

1 2 


CPY 

ABS 

3 4 

CMP 
ABS. Y 

3 4* 




SBC 

IMM 

2 2 

NOP 

Implied 

1 2 


CPX 

ABS 

3 4 

SBC 
ABS, Y 

3 4* 





BRK —OP Code 
0 Implied — Addressing Mode 

1 7 — Instruction Bytes; Machine Cycles 


*Add 1 to N if page boundary is crossed. 
“Add 1 to N if branch occurs to same page: 
add 2 to N if branch occurs to different page. 
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APPENDIX B 

KEY REGISTER SUMMARY 


PROGRAM COUNTER PC 


l2 IM processor status REG P 


I ] Counter A 

Counter B Mode Select 

Mode Select o 0 Interval Timer 

I I 0 1 Pulse Generation 

1 0 Event Counter 

I I ^ 1 Pulse Width Meas 

0 0 Interval Timer 

0 1 Asymmetric Pulse Generation 

1 0 Event Counter 

1 t Retriggerable Interval Timer 

Port B Latch 
’ (1 - EnaOle) 


CPU Registers 


Mode Control Register 


IFR I 7 6 5 


lER 7 6 5 4 3 2 


. tNTERRUPT DISABLE {l)@ 


- DECIMAL MODE (D)0 


- BREAK COMMAND (B)© 


PAD Positive 
Edge Detect 
[_ PA1 Positive 
Edge Detect 
PA2 Negative 
Edge Detect 
1_ PA3 Negative 
Edge Detect 
Counter A 
Underflow Flag 
Counter B 
Underflow Flag 


NOTES 

§ Not initialized by RES 
Set to Logic 1 by'RFS 


Processor Status Register 


Interrupt Enable and Flag Registers 


10 AddrOOIS 


0~Odd Parity 
1~Even Parity 
0 Parity Disable 
I- 1 Parity Enable 
0 0~8 Bits/Char 

0 7 Bits/Char 

1 0*^ 6 Bits/Char 

1 1 ~ 5 Bits/Char 

-0 XiyiTR a RCVR ASYN Mode 
- 1 XMTR ASYN. RCVR S/R 
-X XMTR S/R, RCVR ASYN 


SCSR 



[ RCVR Data 
Reg Full 


- XMTR Data Reg Empty 


0 XMTR Disable 

1 XMTR Enable 


Serial Communications Control Register 


Serial Communications Status Register 
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APPENDIX C 

ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS 


C.1 I/O AND INTERNAL REGISTER ADDRESSES 


ADDRESS 



(HEX) 

READ 

WRITE 

001F 

— 

— 

IE 

Lower Counter B 

Upper Latch B, Cntr B*-Latch B, CLR Flag 

ID 

Upper Counter B 

Upper Latch B, Latch C«-Latch B 

1C 

Lower Counter B, CLR Flag 

Lower Latch B. 

IB 

1A 

Lower Counter A 

Upper Latch A, Cntr A«— Latch A, CLR Flag 

19 

Upper Counter A 

Upper Latch A 

18 

Lower Counter A, CLR Flag 

Lower Latch A 

17 

Serial Receiver Data Register 

Serial Transmitter Data Register 

16 

Serial Comm. Status Register 

Serial Comm. Status Reg. Bits 4 & 5 only 

15 

Serial Comm. Control Register 

Serial Comm. Control Register 

14 

Mode Control Register 

Mode Control Register 

13 

12 

Interrupt Enable Register 

Interrupt Enable Register 

11 

Interrupt Flag Register 

— 

10 

Read FF 

Clear Int Flag (Bits 0-3 only, Write O’s only) 

OF 

OE 

OD 

OC 

-- 


OB 

OA 

09 

08 

-- 

i 

07 

— 

— 

06 

Port G* 

Port G* 

05 

PortF* 

Port F* 

04 

Port E* 

Port E* 

03 

02 

01 

— 

— 

Port B 

Port B 

0000 

Port A 

Port A 


NOTE: *R65F12 0nly 
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C.2 MULTIPLE FUNCTION C.3 MULTIPLEXED MODE 

PIN ASSIGNMENTS— 

PORT C AND PORT D 


C.4 SYSTEM VARIABLES IN RAM 


PIN 

NUMBER 

I/O PORT 
FUNCTION 
REPLACED 

MULTIPLEXED PORT 
FUNCTION 

R65F11 

R65F12 

4 

25 

PCO 

AO 

5 

26 

PCI 

A1 

6 

27 

PC2 

A2 

7 

28 

PC3 

A3 

8 

29 

PC4 

A12 

9 

30 

PC5 

R/W 

10 

31 

PC6 

A13 

11 

32 

PC7 

EMS 

19 

40 

PDO 

A4/D0 

18 

39 

PD1 

A5/D1 

17 

38 

PD2 

A6/D2 

16 

37 

PD3 

A7/D3 

15 

36 

PD4 

A8/D4 

14 

35 

PD5 

A9/D5 

13 

34 

PD6 

A10/D6 

12 

33 

PD7 

A11/D7 


MEMORY MAP 


FFFE 

IRQ Vector 




FFFC 

RES Vector 




FFFA 

NMI Vector 





FORTH Kernal 





Reserved 



001F 

3FFF 

/ 

/ 

/ 

/ 

/ 

Internal 

Registers 

External Memory 
(16384 - 256) 

Mux’d Addr Mode 

/ 

/ 

/ 

/ 

/ 

0010 


/ 

Reserved 

OOOF 



/ 

0007 

0040 

Internal RAM (192) 

/ 

/ 

I/O Ports E, F. G 
(R6500/12Q Only) 

0006 



/ 

0004 

001F 

0000 

Reserved 

/ 

I/O Ports A, B, C, D 

0003 

I/O & Registers 


0000 


ADDRESS 

NAME 

COLD START 

VALUE 

WARM START 

VALUE 

0040 

IRQVEC 

(COLD) 

— 

0042 

NMIVEC 

(COLD) 

— 

0044 

UKEY 

(INK) 

(INK) 

0046 

UEMIT 

(OUT) 

(OUT) 

0048 

UP 

0300 

0300 

004A 

INTFLG 

00 

00 

004B 

(W-1) 

6C 

6C 

004C 

W 

— 

— 

004E 

IP 

— 

— 

0050 

(N-1) 

— 

— 

0051 

N 

— 

— 

0059 

XSAVE 

— 

— 

005B 

INTVEC 

(COLD) 

— 

005D 

TOS 

— 

— 

0300 

TIB 

0380 

0380 

0302 

RO 

OOFF 

OOFF 

0304 

SO 

00C2 

OOC2 

0306 

UC/L 

0050 

— 

0308 

UPAD 

037E 

— 

030A 

UR/W 

(DISK) 


030C 

BASE 

0010 

— 

030E 

CLD/WRM 

— 

— 

0310 

IN 

_ 

— 

0312 

DPL 

— 

— 

0314 

HLD 

_ 

— 

0316 

DISKNO 

— 

— 

0318 

CURCYL 

— 

— 

031 C 

B/SIDE 

— 

— 
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APPENDIX E 

ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc & Vrr 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

-0.3 to +7.0 

Vdc 

Operating Temperature Range, 
Commercial 

Ta 

Tl to Th 

0 to +70 

°C 

Storage Temperature 

Tstg 

- 55 to +150 

°C 


•NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


DC CHARACTERISTICS 

(Vcc = 5.0V ±5%, Vrr = Vcc: Vss = OV; Ta = 0° to 70°, unless otherwise specified) 


Parameter 

Symbol 

Min 

Typi 

Max 

Unit 

Test Conditions 

RAM Standby Voltage (Retention Mode) 

Vrr 

3.0 


< 

o 

o 

V 


RAM Standby Current (Retention Mode) 

Irr 

- 

4 

- 

mA 

Ta = 25°C 

Input High Voltage 

All Except XTLI 

XTLI 

V,H 

+ 2.0 
+ 4.0 

- 

o o 

V 


Input Low Voltage 

V,L 

-0.3 

- 

+ 0.8 

V 


Input Leakage Current 

RES, NMI 

l|N 

— 

— 

±10.0 

fA 

V|N = 0 to 5.0V 

Input Low Current 

PA, PB, PC, PD, PF3, PG3 

IlL 

— 

-1.0 

-1.6 

mA 

V,L = 0.4V 

Output High Voltage (Except XTLO) 

O 

> 

+ 2.4 

— 

o< 

o 

V 

Load = - 100 /tA 

Output Low Voltage 

VoL 

— 

- 

+ 0.4 

V 

Load = 1-6 mA 

I/O Port Pull-Up Resistance 

PA0-PA7, PB0-PB7, PC0-PC7, PF0-PF73, 

PG0-PG73 

Rl 

3.0 

6.0 

11.5 

Kohm 


Output Leakage Current (Three-State Off) 

Iqut 

- 

- 

±10 

/lA 


Darlington Current Drive 

PE3 

•oh 

-1.0 





mA 

VouT = 1-5V 

Input Capacitance 

XTLI, XTLO 

All Others 

C|N 

- 

- 

50 

10 

PF 

Ta = 25°C 

V,N = OV 
f = 1.0 MHz 

Output Capacitance (Three-State Off) 

CoUT 

■ 

■ 

10 

PF 

Ta = 25°C 

V,N = OV 
f = 1.0 MHz 

Power Dissipation (Outputs High) 

Pd 

— 


1000 

mW 

Ta = 25°C 

Notes: 

1. Typical values measured at Ta = 25°C and Vcc = 5.0V. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. R65F12 only. 
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APPENDIX F 

TIMING REQUIREMENTS AND CHARACTERISTICS 

F.1 GENERAL NOTES 

1. Vcc = 5V ± 5%, 0°C ^ TA ^ 70°C 

2. A valid Vcc “ RES sequence is required before proper 
operation is achieved. 


3. All timing reference levels are 0.8V and 2.0V, unless 
otherwise specified. 

4. All time units are nanoseconds, unless otherwise specified. 

5. All capacitive loading is 130pf maximum, except as noted 
below; 

PA, PB, PE, PF, PG — 50pf maximum 


F.2 CLOCK TIMING 


SYMBOL 

PARAMETER 

1 MHz 

2 MHz 

MIN 

MAX 

MIN 

MAX 

Tcyc 

Cycle Time 

1000 

10 /tiS 

500 

1 0 /xS 

Tpwxi 

XTLI Input Clock 
Pulse Width 

XTLO = VSS 

500 
± 25 


250 
± 10 


Tpwo 2 

Output Clock Pulse 
Width at Minimum 
Tcyc 

Tpwxi 

T PWX1 
± 25 

T PWX1 

T PWX1 
± 20 

Tr.Tp 

Output Clock Rise, 
Fall Time 

— 

25 

— 

15 

T iR, T IF 

Input Clock Rise, 
Fall Time 

— 

10 

— 

10 
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F.3 MULTIPLEXED MODE TIMING— PC AND PD 

(MCR 5 = 1, MCR 6 = 1, MCR 7 = 1) 


SYMBOL 

PARAMETER 

1 MHz 

2 MHz 1 

MIN 

MAX 

MIN 

MAX 

T PCRS 

(PCS) R/W Setup Time 

- 

22S 

- 

140 

TpcAS 

(PC0-PC4, PC6) Address Setup Time 

— 

22S 

- 

140 

T PBAS 

(PD) Address Setup Time 

— 

22S 

- 

140 

TpBSU 

(PD) Data Setup Time 

SO 

- 

35 

- 

TpBHR 

(PD) Data Read Hold Time 

10 

- 

10 

- 

T PBHW 

(PD) Data Write Hold Time 

30 

- 

30 

- 

T PBDD 

(PD) Data Output Delay 

- 

17S 

_ 

150 

T PCHA 

(PC0-PC4, PCS) Address Hora Time 

30 

- 

30 

- 

T PBHA 

(PD) Address Hold Time 

10 

100 

10 

80 

T PCHR 

(PCS) R/W Hold Time 

30 

- 

30 

- 

T PCHV 

(PC7) EMS Hold Time 

10 

- 

10 

- 

T (1) 

' PCVD 

(PC7) Address to EMS Delay Time 

30 

- 

30 

- 

T PCVP 

(PC7) EMS Stabilization Time 

30 

— 

30 

- 

Tesu 

Ei^ Set Up Time 

- 

350 

- 

210 


NOTE 1: Values assume PC0-PC4, PC6 and PC7 have the same capacitive load. 



F.3.1 Multiplex Mode Timing Diagram 
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F.4 I/O, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 


SYMBOL 

PARAMETER 

1 MHz 

2 MHz 

MIN 

MAX 

MIN 

MAX 

T PDW*’* 

Internal Write to Peripheral Data Valid , 
PA, PB TTL 

3. 

soo 


SOO 

Tcmos*^’ 

PA, PB CMOS 

— 

1000 

— 

1000 

T PDSU 

Peripheral Data Setup Time 

PA, PB 

200 



200 



T PHR 

Peripheral Data Hold Time 

PA, PB 

7S 



7S 



Tepw 

PA0-PA3 Edge Detect Pulse Width 

Tcyc 

- 

Tcyc 

- 

Tcpw 

Counters A and B 

PA4, PAS Input Pulse Width 

Tcyc 


Tcyc 


Tcd'^’ 

PA4, PAS Output Delay 

— 

soo 

— 

soo 

T pbl\a/ 

Port B Latch Mode 

PAO Strobe Pulse Width 

Tcyc 


Tcyc 


T PLSU 

PB Data Setup Time 

17S 

— 

ISO 

— 

T PBLH 

PB Data Hold Time 

30 

— 

30 

— 

T PDW^’’ 

Serial I/O 

PA6 XMTR TTL 


soo 


soo 

T (1) 

• CMOS 

PAS XMTR CMOS 

_ 

1000 

— 

1000 

Tcpw 

PA4 RCVR S/R Clock Width 

4 Tcyc 

— 

4 Tcyc 

— 

T PDw'^ ’ 

PA4 XMTR Clock— S/R Mode (TTL) 

— 

soo 

— 

soo 

Tcmos*’^ 

PA4 XMTR Clock— S/R Mode (CMOS) 

— 

1000 

— 

1000 


NOTE 1 : Maximum Load Capacitance: 50pF Passive Pull-Up Required. 
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APPENDIX G 

INCLUDED FORTH FUNCTIONS IN ROM 


BANKEXECUTE 

BANKEEC! 

BANKC@ 

BANKC! 

EEC! 

• 

.R 

D. 

? 

#S 

# 

SIGN 

D.R 

<# 

SPACES 

SEEK 

#> 

DWRITE 

DREAD 

SELECT 

INIT 

M/MOD 

*/ 

*/MOD 

DISK 

/ 

/MOD 

★ 

MOD 

M* 

MAX 

MIN 

M/ 

ABS 

D+- 

-I-- 

DABS 

COLD 

(NUMBER) 

HOLD 

S->D 

ERASE 

FILL 

QUERY 

BLANKS 

(•") 

-TRAILING 

TYPE 

EXPECT 

DECIMAL 

HEX 

-DUP 

COUNT 

PICK 

ROT 

> 

SPACE 

U< 

= 

- 

< 

1- 

2 + 

1 + 

2- 

C/L 

HLD 

DPL 

PAD 

CLD/WRM 

BASE 

UR/W 

IN 

UC/L 

RO 

SO 

UPAD 

BL 

4 

3 

TIB 

1 

0 

Cl 

2 

c@ 

@ 

TOGGLE 

! 

BOUNDS 

2DUP 

DUP 

+ 1 

2DROP 

DROP 

OVER 

SWAP 

NEGATE 

D + 

+ 

DNEGATE 

0 = 

R 

R> 

0< 

LEAVE 

:S 

RP@ 

>R 

SPI 

SP(ffi 

XOR 

RP! 

AND 

U/ 

U* 

OR 

CR 

7TERMINAL 

KEY 

CMOVE 

ENCLOSE 

(FIND) 

DIGIT 

EMIT 

(+LOOP) 

(LOOP) 

OBRANCH 

(DO) 

BRANCH 

EXECUTE 

CLIT 

LIT 
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R65FRX and R65FKx 

RSC FORTH 

Rockwell 

Development and Kernel ROMS 


INTRODUCTION 

The Rockwell Single Chip (RSC) FORTH System can be con- 
figured using the R65F11, R65F12 microcomputers or the 
R6501Q ROM-less microcomputer. One of these microcom- 
puters, when used in conjunction with a development ROM and 
a FORTH kernel ROM, provide the designer with maximum flex- 
ibility when developing FORTH applications. 

RSC-FORTH is based on the popular fig-FORTH model with 
extensions. The R65F11 and R65F12 both have the kernel of 
the high level Rockwell Single Chip RSC-FORTH language con- 
tained in the preprogrammed ROM. The R65FK2 and R65FK3 
Kernel ROMs are preprogrammed ROMs for use with the 
R6501Q when developing larger applications requiring more 
memory and I/O line support. All of the run time functions of the 
RSC-FORTH are contained in these ROMs, including 16- and 
32-bit mathematical, logical and stack manipulation, plus 
memory and input/output operators. The RSC-FORTH Operating 
System allows an external user program written in RSC-FORTH 
or Assembly Language to be executed from external EPROM, 
or development of such a program under the control of the 
R65FR1, R65FR2 or R65FR3 RSC-FORTH Development ROMs. 


This document describes five different RSC-FORTH system con- 
figurations using the development and kernel ROMs. 

ORDERING INFORMATION 


Part No. 

Description 

R65FR1P 

FORTH Development ROM for R65F11 or R65F12 

R65FR2P 

FORTH Development ROM for R6501Q 

R65FR3P 

FORTH Development ROM for R6501Q 

R65FK2P 

FORTH Kernel ROM for R6501Q 

R65FK3P 

FORTH Kernel ROM for R6501Q 

R65F11P 

40-Pin FORTH Based Microcomputer at 1 MHz 

R65F11AP 

40-Pin FORTH Based Microcomputer at 2 MHz 

R65F12Q 

64-Pin FORTH Based Microcomputer at 1 MHz 

R65F12AQ 

64-Pin FORTH Based Microcomputer at 2 MHz 

R6501Q 

64-Pin One-Chip Microprocessor at 1 MHz 

R6501AQ 

64-Pin One-Chip Microprocessor at 2 MHz 

Order No. 

Description 

2145 

R6501Q One-Chip Microprocessor Product 
Description 

2146 

R65F11 and R65F12 FORTH Based Microcomputer 
Product Description 

2148 

RSC-FORTH User’s Manual 

2162 

Application Note; A Low-Cost Development Module 
for the R65F11 FORTH Microcomputer 


FEATURES 

• R65FR1 FORTH Development ROM 
— 8K ROM 

—Addressable from $2000 through $3FFF in FORTH devel- 
opment configuration memory map 
— R65F11 and R65F12 compatibie 
—Operates in the R65F11/F12 FORTH development 
configuration 

• R65FR2 FORTH Development ROM 
— 8K ROM 

—Addressable from $4000 through $5FFF in the FORTH 
development configuration memory map 
—R6501Q compatible for use in emulation of the R65F1 1/FI 2 
FORTH development configuration 

• R65FR3 FORTH Development ROM 
— 8K ROM 

—Addressable from $C000 through $DFFF in the FORTH 
development configuration memory map 
—Operates in the R6501Q FORTH development 
configuration 

• R65FK2 FORTH Kernel ROM 
— 4K ROM 

—Addressable from $F400 through $FFFF in the FORTH 
development configuration memory map 
— R6501Q compatible for use in the emulation of the 
R65F11/F12 FORTH development configuration 
—Replaces the FORTH kernel contained in the R65F1 1 and 
R65F12 microcomputers during development 

• R65FK3 FORTH Kernel ROM 
— 4K ROM 

—Addressable from $F400 through $FFFF in the FORTH 
development and production configuration memory maps 
— R6501Q compatible 

— Operates in the R6501Q FORTH development and produc- 
tion configurations 

RSC-FORTH SYSTEM CONFIGURATIONS 

The three configurations of the RSC-FORTH System are iden- 
tified by the CPU-Development ROM combinations listed below: 


RSC-FORTH System Configurations 


CPU 

Kernel 

ROM 

Development 

ROM 

RSC 

Configuration 

R65F1 1 

none 

R65FR1 

1 

R65F12 

none 

R65FR1 

1 

R6501Q 

R65FK2 

R65FR2 

2 

R6501Q 

R65FK3 

R65FR3 

3 


Document No. 29651 N80 


Product Description 


Order No. 2177 
Rev. 1, June 1987 
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RSC-FORTH CONFIGURATION 1 (R65FR1) 

R65F11/R65F12 DEVELOPMENT AND PRODUCTION 

The RSC-FORTH Configuration 1 provides the designer with a 
FORTH development and application environment at a minimal 
cost. The application program is developed using an R65F11 
or R65F1 2 microcomputer, an R65FR1 Development ROM and 
external RAM. Up to 8K bytes of RAM space is available using 
this configuration. However, Configuration 1 is limited to 5K or 
less bytes of RAM during development. This is the result of 
allocating 2K bytes of RAM for disk buffers and at least 1 K bytes 
of RAM for the “Program heads’’. The program heads are con- 
tained in a dictionary containing the Name (NFA), Link Field 
Address (LFA) and the Parameter Field Address Pointer (PFA). 
This dictionary is a list of FORTH word words and user-defined 
FORTH words used in the development of a FORTH program 
and is not present during the execution of the FORTH program. 


Although programs may reside in the upper 8K bytes of memory 
area, normally filled by the R65FR1 Development ROM, it is dif- 
ficult to develop code for that area using this configuration of 
the RSC-FORTH System. 

The difference in using the R65F11 or the R65F12 is in the 
number of I/O lines available to the user. The R65F1 1 supports 
16 I/O lines, the R65F12 supports 40 I/O lines. 

Figure 1 shows the development and production configurations 
for the R65F11/F12. Configurations 1 A and 1 B list the features, 
memory maps, and the relationship of the R65F1 1 and R65F12 
to the R65FR1 Development ROM in the development and pro- 
duction environment. 
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Figure 1. R65FR1 Configuration 1 Block Diagram 
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CONFIGURATION 1A CONSIDERATIONS 

Features 

• 8K Bytes of User Memory 

• 16 I/O Lines 


CONFIGURATION 1B CONSIDERATIONS 

Features 

• 8K Bytes of User Memory 

• 40 I/O Lines 


Device Configuration 


Device Configuration 
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R65F12 Microcomputer 
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RSC-FORTH CONFIGURATION 2 
(R65FR2, R65FK2) 

R6501Q DEVELOPMENT AND R65F11/F12 
PRODUCTION 

The RSC-FORTH Configuration 2 provides the designer with the 
capability of using the full 16K bytes of external address space 
of the R65F11 and R65F12. 

The R6501Q ROM-less microprocessor, when used with the 
R65FK2 Kernel ROM and the R65FR2 Development ROM, emu- 
lates the operation of the R65F1 1/F12. Because of the greater 
address space of the R6501Q, the R65FR2 Development ROM 
can be relocated to address $4000 and the disk buffers and 
HEADS program to $6000. This expands the available user 
memory space to 16K bytes, $0000 through $3FFF. 


Using this configuration, the application program can be deve- 
loped using the R6501Q and then later installed in an R65F11 
or R65F12 microcomputer without modification. 

Figure 2 shows the development and production configuration 
for the R6501Q. Configurations 2A and 2B list the features, 
memory maps, and the relationship of the R6501Q to the 
R65FR2 Development ROM and R65FK2 Kernel ROM in the de- 
velopment and production environment. Figure 3 is a schema- 
tic of the R6501Q, R65FR2, R65FK2 development setup 
designed to plug into a 40 pin socket in place of the R65F11. 

Note: Ports E, F and G of the R65F12 are not present on the 
R6501Q and must be emulated by external TTL logic. Contact 
Rockwell for further information. 
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Figure 2. R65FR2 and R65FK2 Configuration 2 Block Diagrams 
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CONFIGURATION 2A CONSIDERATIONS 

Features 

• 16K Bytes of User “Headerless” Memory 

• 16 1/0 Lines 

Device Configuration 


CONFIGURATION 2B CONSIDERATIONS 

Features 

• 16K Bytes of User “Headerless” Memory 

• 40 I/O Lines 

Device Configuration 



DEVELOPMENT 
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R65F11 Microcomputer 


>> 

R6501Q Microprocessor 



R65FR2 Development ROM 



R65FK2 Kernel ROM 
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Memory— I/O Matrix 

If floppy disk is used in the application, space for the disk buf- 
fers must be allocated in memory from $0500 through $3FFF 
or $6000 through $7FFF. User memory can be a mix of ROM, 
EEROM, UVROM or RAM. 


DEVELOPMENT PRODUCTION 

R65F12 Microcomputer 
R6501Q Microprocessor 
R65FR2 Development ROM 

R65FK2 Kernel ROM 

Memory— I/O Matrix 

If floppy disk is used in the application, space for the disk buf- 
fers must be allocated in memory $0000 through $3FFF. User 
memory can be a mix of ROM, EEROM, UVROM or RAM. 
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USE 40 PIN DIP JUMPER TO PLUG INTO R65F11 SOCKET 
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Figure 3. R6501Q, R65FR2 and R65K2 Application Configuration Schematic 
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RSC-FORTH CONFIGURATION 3 
(R65FR3, R65FK3) 

R6501Q BASED SYSTEM DEVELOPMENT 
AND PRODUCTION 

The RSC-FORTH Configuration 3 is designed for those applica- 
tions which require a larger amount of ROM or RAM space than 
the R65F11 or R65F12 can provide. 

In the development configuration, the user is provided with up 
to 48K bytes of memory. The user memory is located from $0000 
through $BFFF. The program heads will use some of this area 
but the user will still have considerably more memory space 
available then in the previous configurations. 


The production configuration provides up to 56K bytes of user 
memory. This is due to the fact that the R65FR3 Development 
ROM, used in the development configuration, is not required 
in the production configuration and releases the 8K bytes of 
memory space. This memory is located at $C000 through 
$DFFF. 

Figure 4 shows the development and production configurations 
for the R6501Q. Configuration 3 lists the features, memory maps, 
and the relationship of the R6501Q to the R65FR3 Development 
ROM and the R65FK3 Kernel ROM in the development and pro- 
duction environment. 
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Features 

• R6501Q w/FORTH 

• 48K Bytes of User Memory 

• 30 I/O Lines 


Device Configuration 

DEVELOPMENT PRODUCTION 

R6501Q Microcomputer 
R65FK3 Development ROM 

R65FR3 Kernel ROM 
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User Memory— I/O Resource Matrix 

All ports act as I/O ports. Memory is on the bus. PC6 & PC7 
(I/O lines) are assigned to memory. User memory can be a mix 
of ROM, EEROM, UVPROM or RAM. 
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Note: Chip select for the Floppy Disk Controller should be at $E000-$E006 
and at $E100-$E106 for this configuration. 










R65FR2 • R65FK2 


RSC FORTH ROMs 


ABSOLUTE MAXIMUM RATINGS* 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device atr these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Range 

Vcc Power Supply 

5.0V ± 5% 

Operating Temperature 

0°C to 70® 


D.C. CHARACTERISTICS 

Vcc = 5.0V ± 5%, Ta = 0°C to +70°C (unless otherwise specified) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Test Conditions 

VOH 

Output High Voltage 

2.4 

_ 

o< 

o 

V 

Vcc = 4.75V 


R65FRX 





Iqh = “ 400 ixA 


R65FKX 





Iqh = -2A0fxA 

VoL 

Output Low Voltage 

— 

— 

0.4 

V 

Vcc = 4.75V 


R65FRX 





Iql = 3.3 mA 


R65FKX 





Iql = 2.1 mA 

V,H 

Input High Voltage 

2.0 

— 

Vcc 

V 


VlL 

Input Low Voltage 

-0.5 

- 

0.8 

V 


Ili 

Input Load Current 

— 

_ 

10 


Vcc = 5.25V, OV<V|N 5.25V 

Lo 

Output Leakage Current 

— 

— 

±10 

nA 

Chip Deselected, 

Vcc = 5.25V, VouT = +0.4VtoVcc 

•cc 

Power Supply Current 





Vcc = 5.25V @ 0°C 


R65FRX 

— 

25 

55 

mA 



R65FKX 

— 

80 

135 

mA 


Cl 

Input Capacitance 

— 

— 

7 

PF 

Vcc = 5.0V, Chip Deselected, 
pin under test at OV 

Co 

Output Capacitance 

— 

— 

10 

PF 

Vcc = 5.0V, Chip Deselected, 
pin under test at OV 


R65FR1, R65FR2, R65FR3, R65FK2, R65FK3 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to +7.0 

V 

Input Voltage 

VlN 

-0.5 to +7.0 

V 

Operating Temperature Range 

Ta 

Oto +70 

°c 

Storage Temperature 

Tst 

-65 to +150 

°c 

Power Dissipation 

Pd 

1.0 

w 
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16-Bit Microprocessor and Peripherais 
Meeting System Communications Needs 


Rockwell peripherals give a designer the communication 
control elements for the 68000 processor. They allow you to 
design functional systems utilizing all the speed and data 
handling potential of the 16-bit 68000 family. 

These peripherals consist of the Rockwell designed 
Multi-Protocol Communications Controller and the Dual 
Asynchronous Interface Adapter — each a significant “first” 
that eliminates “glue parts” between a CPU and peripherals. 

The R68561 Multi-Protocol Communications Controller 
(MPCC) is one of the highest throughput communications 
devices ever commercially made. It operates up to 
4 Mbits/sec and supports all major communication protocols. 


It is available to work with either a 16-bit or 8-bit bus and can 
be adapted to function with essentially any of today’s more 
common busses. 

The R68C552 Dual Asynchronous Interface Adapter 
(DACIA) provides an easily implemented, programmed con- 
trolled interface between 16-bit microprocessor-based sys- 
tems and serial communication data sets and modems. This 
device is the first CMOS ACIA in the industry. 

Rockwell lets you build efficient and economical 16-bit sys- 
tems through families of 16-bit and 8-bit peripherals, all com- 
patible. No other company offers you more. 



R68000/R6500 Peripheral Migration 
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R68000 

Rockwell 

16-Bit Microprocessing Unit (MPU) 


DESCRIPTION 

The R68000 microprocessor is designed for high performance 
where operationai computation and versatility is required. The 
R68000 provides powerful mass-memory handling capability and 
architectural features designed to fit the broad range of 16-bit 
needs. The Rockwell family of 16-bit products also includes a 
wide range of peripherals that will allow complete system design 
and manufacture. 
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R68000 Registers 


The R68000 offers seventeen 32-bit registers in addition to the 
32-bit program counter and a 1 6-bit status register. The first eight 
registers (D0-D7) are used as data registers for byte (8-bit), word 
(16-bit), and long word (32-bit) data operations. The second set 
of seven registers (A0-A6) and the system stack pointer may be 
used as software stack pointers and base address registers. In 
addition, these registers may be used for word and long word 
address operations. All 17 registers may be used as index 
registers. 

FEATURES 

• 16M byte (8M word) Linear Addessing Range 

• 14 Operand Addressing Modes 

• 56 Powerful Instruction Types 

• Instruction Set Supports Structured High-Level Languages 

• Pipelining Instruction Execution 

• 32-Bit Program Counter 

• 16-Bit Data Bus 

• 23-Line Address Bus 

• 32-Bit Data and Address Registers Including: 

— Eight General Purpose Data Registers 

— Seven Address Registers 

— Two Stack Pointers (User, Supervisory) 

• All 17 Registers Can Be Index Registers 

• Memory Mapped Peripheral Devices 

• Vector Generated Exception Processing 

• Seven Unique Autovectors for Interrupt Service Routines 

• Trace Mode for Software Debugging 

• Operations Occur on Five Main Data Types 

— Bit 

— BCD 

— Byte 

— Word 

— Long Word 

• Asynchronous and Synchronous Peripheral Interface 
Capability 

• Many Peripheral Chips Available 

— R68560/R68561 Multi-Protocol Communications Con- 

troller (MPCC) 

— R68802 Local Network Controller (LNET) 

— R68C552 Dual Asynchronous Communications 

Interface Adapter (DACIA) 

• Up to 12.5 MHz Input Clock 

• +5 VDC Power Supply 


Document No. 68650N01 


Product Description 


Order No. 700 
Rev. 6, May 1985 
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R68000C/P Pin Assignments- 

-64-Pin DIP* 


ORDERING INFORMATION 


Part Number: 


R 68000 ^^ 


Temperature Range (Tl to Th) and 
Screening/Burn-in 
Blank = 0°C to 70°C 
M = -55°C to 125'‘C 

R = -55°C to 125®C and burned-in 168 hours 
B = -55®C to 125®C and screened to 


MIL-STD 883B 


• Frequency 

6=6 MHz 
8=8 MHz 
10 = 10 MHz 
12 = 12.5 MHz 


Package 

C = 64-Pin Ceramic DIP 
p = 64-Pin Plastic DIP 
Q = 64-Pin Plastic QUIP 
J = 64-Pin Plastic Leaded Chip Carrier (PCC) 
L = 64-Pin Leadless Ceramic 
Chip Carrier (LCCC) 



laSlSlCDc 



D13 

D14 

D15 

GND 

GND 

A23 

A22 

A21 

VCC 

A20 

A19 

A18 

A17 

A16 

A15 

A14 

A13 


R68000J/L Pin Assignments— 68-Pin PCC and LCC* 


*Pin Assignment package outlines are not actual size (refer to PACKAGE DIMENSiONS on pages 56-59). 
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SIGNAL DESCRIPTION 

The following paragraphs briefly describe the input and output 
signals and also reference (if applicable) other paragraphs that 
contain more detail about the function being performed. Bus 
operation during the various machine cycles and operations is 
also discussed. The input and output signals can be functionally 
organized into the groups shown In Figure 1 . 

Note 

The terms assertion and negation are used to avoid con- 
fusion when dealing with a mixture of “active-low” and 
“active-high” signals. The terms assert, or assertion, indi- 
cates that a signal is active, or true, independent of 
whether that voltage is low or high. The term negate, or 
negation, indicates that a signal is inactive or false. 

ADDRESS BUS (A1 THROUGH A23). This 23-bit, unidirectional, 
three-state bus can address eight megawords of data. It pro- 
vides the address for bus operation during all cycles except inter- 
rupt cycles. During interrupt cycles, address lines A1 , A2, and 
A3 encode the interrupt level to be serviced while address lines 
A4 through A23 are all set high. 

DATA BUS (DO THROUGH D15). This 16-bit, bidirectional, 
three-state bus is the general purpose data path. It transfers and 
accepts data in either word or byte length. During an interrupt 
acknowledge cycle, an external device supplies the vector 
number on data lines D0-D7. 

ASYNCHRONOUS BUS CONTROL. Asynchronous data 
transfers are handled using the following control signals: address 
strobe, read/write, upper and lower data strobes, and data 
transfer acknowlege. These signals are explained in the follow- 
ing paragraphs. 
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Figure 1. Input and Output Signals 


Address Strobe (AS). The AS output indicates that there is a 
valid address on the address bus. 

Read/Write (R/W). The R/W output defines the data bus transfer 
as a read or write cycle. The R/W signal also works in conjunction 
with the upper and lower data strobes as explained in the follow- 
ing paragraph. 

Upper and Lower Data Strobes (UDS, LDS). The UDS and LDS 
outputs control the data on the data bus, as shown in Table 1 . 
When the R/W line is high, thje processor reads from the data 
bus as indicated. When the R/W line is low, the processor writes 
to the data bus as shown. 

Data Transfer Acknowledge (DTACK). The DTACK input indi- 
cates that t he data transfer is completed. When the processor 
recognizes DTACK during a read cy cle, data is latched and the 
bus cycle terminated. When DTACK is recognized during a write 
cycle, the bus cycle terminates. Refer to ASYNCHRONOUS 
VERSUS SYNCHRONOUS OPERATION. 

BUS ARBITRATION CONTROL. These three signals form a bus 
arbitration circuit to determine which device will be the bus 
master device. 

Bus Request (BR). The BR input indicates to the processor that 
some other device desires to become the bus master. This input 
can be externally ORed with all other devices that could be bus 
masters. 

Bus Grant (BG). The BG output indicates to all other potential 
bus master devices that the processor will release bus control 
at the end of the current bus cycle. 

Bus Grant Acknowledge (BGACK). The BGACK input indicates 
that some other device has become the bus master. This signal 
cannot be asserted until the following four conditions are met: 

1. a bus grant (BG) has been received, 

2. address strobe (AS) is inactive which indicates that the 
processor is not using the bus 


Table 1. Data Strobe Control of Data Bus 


UDS 

LDS 

R/W 

D8-D15 

D0-D7 

High 

High 

— 

No valid data 

No valid data 

Low 

Low 

High 

Valid data bits 
8-15 

Valid data bits 

0-7 

High 

Low 

High 

No valid data 

Valid data bits 
0-7 

Low 

High 

High 

Valid data bits 
8-15 

No valid data 

Low 

Low 

Low 

Valid data bits 
8-15 

Valid data bits 
0-7 

High 

Low 

Low 

Valid data bits 
0-7* 

Valid data bits 
0-7 

Low 

High 

Low 

Valid data bits 
8-15 

Valid data bits 
8-15* 

‘These conditions are a result of current implementation and may not 
appear on future devices. 
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3. data transfer acknowledge (DTACK) is inactive which 
indicates that neither memory nor peripherals are using the 
bus, and 

4. bus grant acknowledge (BGACK) is inactive which 
indicates that no other device is still claiming bus mastership. 

INTERRUPT CONTROL (1^, \K^, ]PL2). These input pins 
indicate the encoded priority level of the device requesting an 
interrupt. Level seven is the highest priority while level zero indi- 
cates tha t no interrupts are requested. Level seven cannot be 
masked. IPLO is the least significant bit while IPL2 is the most 
significant bit. To insur e an interrupt is recognized, the inter- 
rupt control lines (IPLX) must remain stable until the processor 
signals interrupt acknowledge (FCO, FC1 , and FC2 all high). 

SYSTEM CONTROL. The system control inputs either reset or 
halt the processor or indicate to the processor that bus errors 
have occurred. The three system control inputs are explained 
in the following paragraphs. 


Bus Error (BERR). The BERR input informs the processor that 
a problem exists with the cycle currently being executed. 
Problems may be a result of: 

1 . nonresponding devices, 

2. interrupt vector number acquisition failure, 

3. illegal access request as determined by a memory manage- 
ment unit, or 

4. other application dependent errors. 


The Bus Error (BERR) signal interacts with the HALT signal to 
determine if exception processing should be performed or the 
current bus cycle should be retried. 

Refer to BUS ERROR AND HALT OPERATION paragraph for 
additional information about the interaction of the bus error and 
halt signals. 


Reset (RESET). This bidirectional signal line acts to reset (initiate 
a system initialization sequence) the processor and system in 
response to an external reset signal. An internally generated 
reset (result of a RESET instruction) resets all external devices 
while not affecting the internal state of the processor. A total 
system reset ( pro cessor a nd external devices) is the result of 
external HALT and RESET signals applied simultaneously. Refer 
to RESET OPERATION paragraph for additional information. 


Halt (HALT). The bidirectional HALT line, when driven by an 
external device, will cause the processor to stop at the c omple- 
tion of the current bus cycle. Halting the processor using HALT 
causes all control signals to go inactive and all three-state lines 
to go to their high-impedance state. Refer to BUS ERROR AND 
HALT OPERATION paragra ph for a dditi onal in formation about 
the interaction between the HALT and BERR signals. 

When the processor has stopped exec uting in structions, such 
as in a double bus fault condition, the HALT line is driven by 
the processor to indicate to external devices that the processor 
has stopped. Refer to paragaph on Double Bus Faults. 


R6500 PERIPHERAL CONTROL. These control signals are 
used to allow the interfacing of synchronous R6500 peripheral 
devices with the asynchronous R68000. These signals are 
explained in the following paragraphs. 

Enable (E). The E output signal is the standard enable signal 
(02 clock) common to all R6500 type peripheral devices. The 
period for this output is ten R68000 clock periods (six clocks 
low; four clocks high). Enable is generated by an internal ring 
counter which may come up in any state (i.e., at power on, it 
is impossible to guarantee phase relationship of E to CLK). E 
is a free-running clock and runs regardless of the state of the 
bus on the MPU. 

Valid Peripheral Address (VPA). The VPA input indicates that 
the device or region addressed is a R6500 family device and 
that data transfer should be synchronized with the enable (E) 
signal. This input also indicates that the processor should use 
automatic vectoring for an interrupt. Refer to INTERFACE WITH 
R6500 PERIPHERALS. 

Valid Memory Address (VMA). The VMA output indicates to 
R6500 peripheral devices that there is a valid address on the 
address bus and that the processor is synchronized to en able . 
This signal only responds to a valid peripheral address (VPA) 
Input which indicates that the peripheral is a R6500 family device. 

PROCESSOR STATUS (FCO, FC1 , FC2). These function code 
outputs indicate the state (user or supervisor) and the cycle type 
currently being executed, as shown in Table 2. The information 
indicated by the function code outputs is valid whenever address 
strobe (AS) is active. 

CLOCK (CLK). The clock input is a TTL-compatible signal that 
is internally buffered for development of the internal clocks 
needed by the processor. The clock input should not be gated 
off at any time and the clock signal must conform to minimum 
and maximum pulse width times. 

SIGNAL SUMMARY. Table 3 summarizes all the signals dis- 
cussed in the previous paragraphs. 


Table 2. Function Code Outputs 


FC2 

FC1 

FCO 

Cycle Type 

Low 

Low 

Low 

(Undefined, Reserved) 

Low 

Low 

High 

User Data 

Low 

High 

Low 

User Program 

Low 

High 

High 

(Undefined, Reserved) 

High 

Low 

Low 

(Undefined, Reserved) 

High 

Low 

High 

Supervisor Data 

High 

High 

Low 

Supervisor Program 

High 

High 

High 

Interrupt Acknowledge 
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Table 3. Signal Summary 


Signal Name 

Mnemonic 

Input/Output 


H 

i-Z 

Active State 

On HALT 

On BGACK 

Address Bus 

A1-A23 

Output 

High 

Yes 

Yes 

Data Bus 

D0-D15 

Input/Output 

High 

Yes 

Yes 

Address Strobe 

AS 

Output 

Low 

No 

Yes 

Read/Write 

R/W 

Output 

Read-High 

Write-Low 

No 

Yes 

Upper and Lower Data Strobes 

Uds, LDS 

Output 

Low 

No 

Yes 

Data Transfer Acknowledge 

DTACK 

Input 

Low 

No 

No 

Bus Request 

BR 

Input 

Low 

No 

No 

Bus Grant 


Output 

Low 

No 

No 

Bus Grant Acknowledge 

BGACK 

Input 

Low 

No 

No 

Interrupt Priority Level 

i^, iK2 

Input 

Low 

No 

No 

Bus Error 

BERR 

Input 

Low 

No 

No 

Reset 

RESET 

Input/Output 

Low 

No* 

No* 

Halt 

HALT 

Input/Output 

Low 

No* 

No* 

Enable 

E 

Output 

High 

No 

No 

Valid Memory Address 

vi^ 

Output 

Low 

No 

Yes 

Valid Peripheral Address 

WA 

Input 

Low 

No 

No 

Function Code Output 

FCO, FC1 , FC2 

Output 

High 

No 

Yes 

Clock 

CLK 

Input 

High 

No 

No 

Power Input 

Vcc 

Input 

- 

- 

- 

Ground 

GND 

Input 

- 

- 

- 

*Open drain. 


REGISTER DESCRIPTION AND DATA 

ORGANIZATION OPERAND SIZE 


STATUS REGISTER. The status register contains the eight level 
interrupt mask as well as the condition codes; extend (X), 
negative (N), zero (Z), overflow (V), and carry (C). Additional 
status bits indicate that the processor is in a trace (T) mode 
and/or in a supervisor (S) state. 


SYSTEM BYTE USER BYTE* 

^ « 


15 


13 

10 


8 

/ 

4 

' — 



0 

0 


0 


0 

0 


0 

0 

0 

0 

0 


1 1 T— ' 

1 1 



TRACE MODE 1 ,nter'ruPT 

EXTEND 



SUPERVISOR mask 

NEGATIVE 



STATE 

ZER 

10 



OVERFLOW 


CARRY 


•CONDITION CODE REGISTER 


Operand sizes are defined as follows: a byte equals 8 bits, a 
word equals 16 bits, and a long word equals 32 bits. The operand 
size for each instruction is either explicitly encoded in the instruc- 
tion or implicitly defined by the instruction operation. Implicit 
instructions support some subset of all three sizes. 

DATA ORGANIZATION IN REGISTERS 

The eight data registers support data operands of 1, 8, 16, or 
32 bits. The seven address registers together with the active 
stack pointer support address operands of 32 bits. 

DATA REGISTERS. Each data register is 32 bits wide. Byte 
operands occupy the low order 8 bits, word operands the low 
order 16 bits, and long word operands the entire 32 bits. The 
least significant bit is addressed as bit zero; the most signifi- 
cant bit is addressed as bit 31 . When a data register is used 
as either a source or destination operand, only the appropriate 
low-order portion is changed; the remaining high order portion 
is neither used nor changed. 


Status Register 
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15 

14 

13 12 11 

10 

9 8 7 6 

5 4 3 2 

1 

0 



BYTE 000000 


WORD 000000 

I 

BYTE 000001 





BYTE 000002 


WORD 000002 

I 

BYTE 000003 



7 

I 




I 

I 

I 




L 


BYTE FFFFFE 


WORD FFFFFE 

I 

BYTE FFFFFF 




Figure 2. Word Organization In Memory 


ADDRESS REGISTERS. Each address register and the stack 
pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support byte sized operands. Therefore, when 
an address register is used as a source operand, either the low 
order word or the entire long word operand is used depending 
upon the operation size. When an address register is used as 
the destination operand, the entire register is affected regardless 
of the operation size. If the operation size is word, any other 
operands are sign extended to 32 bits before the operation is 
performed. 

DATA ORGANIZATION IN MEMORY 

Bytes are individually addressable with the high order byte 
having an even address the same as the word, as shown in 
Figure 2. The low order byte has an odd address that is one 
higher than the word address. Instructions and multi-byte data 
are accessed only on word (even byte) boundaries. If a long word 
datum is located at address n (n even), then the second word 
of that datum Is located at address n 2. 

The data types supported by the R68000 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. Each of these data types is put in memory, as 
shown in Figure 3. The numbers indicate the order in which data 
is accessed from the processor. 

BUS OPERATION 

The following paragraphs explain control signal and bus opera- 
tion during data transfer operations, bus arbitration, bus error 
and halt conditions, and reset operation. 

DATA TRANSFER OPERATIONS. Transfer of data between 
devices involves the following signals: 

• Address Bus A1 through A23 

• Data Bus DO through D15 

• Control Signals 


The address and data buses are separate parallel buses which 
transfer data using an asynchronous bus structure. In all cycles, 
the bus master assumes responsibility for deskewing all signals 
it issues at both the start and end of a cycle. In addition, the 
bus master is responsible for deskewing the acknowledge and 
data signals from the slave device. 

The following paragraphs explain the read, write, and read- 
modify-write cycles. The indivisible read-mod ify-write cycle is the 
method used by the R68000 for interlocked multiprocessor 
communications. 

Read Cycle. During a read cycle, the processor receives data 
from memory or a peripheral device. The processor reads bytes 
of data in all cases, and for a word (or double word) operation, 
the processor reads both upper and lower bytes simultaneously 
by asserting both upper and lower data strobes. When the 
instruction specifies byte operation, the processor uses an 
internal AO bit to determine which byte to read and then issues 
the data strobe required for that byte. When the AO bit equals 
zero, the upper data strobe is issued, and when the AO bit equals 
one, the lower data strobe is issued. The processor correctly 
positions the received data internally. 

A word read cycle flow chart is given in Figure 4. A byte read 
cycle flow chart is given in Figure 5. Read cycle timing is given 
in Figure 6. Figure 7 details word and byte read cycle operations. 

Write Cycle. During a write cycle, the processor sends bytes 
of data to memory or a peripheral device. If the instruction 
specifies a word operation, the processor writes both bytes. 
When the instruction specifies a byte operation, the processor 
uses an internal AO bit to determine which byte to write and then 
issues the data strobe required for that byte. When the AO bit 
equals zero, the upper data strobe is issued and when the AO 
bit equals one, the lower data strobe is issued. A word write cycle 
flow chart is given in Figure 8. A byte write cycle flow chart is 
given in Figure 9. Write cycle timing is given in Figure 6. 
Figure 10 details word and byte write cycle operation. 
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BIT DATA 

1 BYTE = 8 BITS 








7 
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5 
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3 

2 
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0 









n 
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INTEGER DATA 

1 BYTE = 8 BITS 
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BYTE 0 



LSB 

BYTE 1 



BYTE 2 

BYTE 3 






1 WORD 

= 16 BITS 
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WORD 0 
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WORD 1 
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1 LONG WORD = 
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15 

14 13 12 

11 

10 

9 

8 

7 

6 

5 

4 

3 
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0 



LONG WORD 0 

— 

— 

- — 

HIGH ORDER 

LOW ORDER 

— 

— 

— 

— 

LSB 



— 

LONG WORD 1 - 

— 

— 

— 

- - 

— 

- - 

— 

— 

— 

— 

— - 



— 

LONG WORD 2 

— 

— 

- — 

— 

- 

— 

— 

— 

— 

— 

— 






ADDRESSES 

1 ADDRESS = 32 BITS 





15 

14 13 12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 1 

0 


MSB 

ADDRESS 0— 

— 

— 

— 

HIGH ORDER 

LOW ORDER 

— 

— 

— 

— 

LSB 



— 

ADDRESS 1- 

— 

— 

— 

- 
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- 

— 

— 

— 

— 
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— 

- ADDRESS 2 — 

— 
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— 
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— 

- - 

— 

— 

— 
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MSB = 
LSB = 

MOST SIGNIFICANT BIT 
LEAST SIGNIFICANT BIT 












DECIMAL DATA 

2 BINARY CODED DECIMAL DIGITS 

= 1 BYTE 
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BCD 1 
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BCD 4 
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MSD = 
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MOST SIGNIFICANT DIGIT 
LEAST SIGNIFICANT DIGIT 











Figure 3. Data Organization In Memory 
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BUS MASTER SLAVE 



START NEXT CYCLE 


Figure 4. Word Read Cycle Flow Chart 

Read-Modify-Write Cycle. The read-modify-write cycle performs 
a read, modifies the data in the arithmetic-logic unit, and writes 
the data back to the same address. In the R68000 this cycle 
is indivisible in that the address strobe is asserted throughout 
the entire cycle. The test and set (TAS) instruction uses this cycle 
to provide meaningful communication between processors In a 
multiple processor environment. TAS is the only instruction that 
uses the read-modify-write cycles. Since the test and set instruc- 
tion only operates on bytes, all read-modify-write cycles are byte 
operations. A read-modify-write cycle flow chart Is given in 
Figure 11 and a timing diagram is given in Figure 12. 


BUS ARBITRATION. Bus arbitration is a technique used by 
master-type devices to request, be granted, and acknowledge 
bus mastership. In its simplest form, it consists of: 

1. asserting a bus mastership request, 

2. receiving a grant that the bus is available at the end of the 
current cycle, and 

3. acknowledging that mastership has been assumed. 


BUS MASTER SLAVE 



START NEXT CYCLE 


Figure 5. Byte Read Cycle Flow Chart 

Figure 1 3 is a flow chart showing the detail involved in a request 
from a single device. Figure 14 is a timing diagram for the same 
operation. This technique allows processing of bus requests dur- 
ing data transfer cycles. 

The timing diagram shows that the bus request is negated at 
the time that an acknowledge is asserted. This is true for a 
system consisting of the processor and one device capable of 
bus mastership. However, in systems having a number of 
devices capable of bus mastership, the bus request line from 
each device is ORed to the processor. In this system, it is easy 
to see that there could be more than one bus request being 
made. The timing diagram shows that the bus grant signals 
negate a few clock cycles after the transition of the acknowledge 
(BGACK) signal. 

However, if the bus requests are still pending, the processor will 
assert another bus grant within a few clock cycles after nega- 
tion. This additional assertion of bus grant allows external arbitra- 
tion circuitry to select the next bus master before the current 
bus master has completed its requirements. The following para- 
graphs provide additional information about the three steps in 
the arbitration process. 
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Figure 7. Word and Byte Read Cycle Timing Diagram 


Requesting the Bus. External devices capable of becoming bus 
masters request the bus by asserting the bus request (BR) signal. 
This ORed signal (although it need not be constructed from open 
collector devices) indicates to the processor that some external 
device requires control of the external bus. The processor, at 
a lower bus priority level than the external device, will relinquish 
the bus after it has completed the last bus cycle it has started. 
If no acknowledge is received before the bus request signal goes 
inactive, the processor will continue processing when it detects 
that the bus request is inactive. This allows ordinary processing 
to continue if the arbitration circuitry inadvertently responded 
to noise. 


Receiving the Bus Grant. Normally the processor asserts bus 
grant (BG) as soon as possible after internal synchronization. The 
only exception occurs when the processor has made an inter- 
nal decision to execute the next bus cycle but has not progressed 
far enough into the cycle to have asserted the address strobe 
(AS) signal. In this case, bus grant will not be asserted until one 
clock after address strobe is asserted to indicate to external 
devices that a bus cycle is being executed. 

The bus grant signal may be routed through a daisy-chained 
network or through a specific priority-encoded network. The proc- 
essor is not affected by the external method of arbitration as 
long as the protocol is obeyed. 


4-11 





R68000 


16-Bit MPU 



Figure 8. Word Write Cycle Flow Chart Figure 9. Byte Write Cycle Flow Chart 



Figure 10. Word and Byte Write Cycle Timing Diagram 
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BUS MASTER 


SLAVE 



START NEXT CYCLE 


Figure 1 1 . Read-Modify-Write Cycle Flow Chart 
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PROCESSOR REQUESTING DEVICE 



Figure 13. Bus Arbitration Cycle Flow Chart 


Acknowledgment of Mastership. Upon receiving a ^ grant 
(BG), the requesting de vice wait s until address strobe (AS), data 
t ransfer acknowledge (DTACK), and bus grant ac knowledge 
(BGACK) are negated before issuing its own BGACK. The nega- 
tion of the address strobe indicates that the previous master has 
completed its cycle, while the negation of bus grant acknowledge 
indicates that the previous master has released the bus. (If 
address strobe is asserted no device is allowed to “break into” 
a cycle.) The negation of data transfer acknowledge indicates 
the previous slave has terminated its connection to the previous 
master. In some applications data transfer acknowledge may 
not be required. In this case the devices would use the address 
strobe. When bus grant acknowledge is issued the device is bus 
master. Only after the bus cycle(s) is (are) completed should bus 
grant acknowledge be negated to terminate bus mastership. 


The bus request from the granted device should be dropped after 
bus grant acknowledge is asserted. If a bus request is still 
pending, another bus grant will be asserted within a few clocks 
of the negation of bus grant. Refer to Bus Arbitration Control 
section. The processor does not perform any external bus cycles 
before it reasserts bus grant. 


BUS ARBITRATION CONTROL. The bus arbitration control unit 
in the R68000 is implemented with a finite state machine. A state 
diagram of this machine is shown in Figure 15. All asynchronous 
signals to the R68000 are synchronized before being used inter- 
nally. This synchronization is accomplished in a maximum of 
one cycle of the system clock, assuming that the asynchronous 
input setup time (#47) has been met (see Figure 16). The input 
signal is sampled on the falling edge of the clo ck and is valid 
internally after the next falling edge. If BR and BGACK meet 
the asynchronous set-up time tAS I (#47), then tBGKBR (#37A) 
can be ignored. If BR and BGACK are asserted asynchronously 
with respect to the clock, BGACK has to be asserted before BR 
is negated. 

As shown in Figure 15, input signals labeled R and A are inter- 
nally synchronized on the bus request and bus grant 
acknowledge pins respectively. The bus grant output is labeled 
G and the internal three-state control signal T. If T is true, the 
address, data, and control buses are placed in a high-impedance 
state when AS is negated. All signals are shown in positive logic 
(active high) regardless of their true active voltage level. 

State changes (valid outputs) occur on the next rising clock edge 
after the internal signal is valid. 


A timing diagram of the bus arbitration sequence during a 
processor bus cycle is shown in Figure 17. The bus arbitration 
sequence while the bus is inactive (i.e., executing internal opera- 
tions such as a multiply instruction) is shown in Figure 18. 

If a bus request (BR) is made at a time when the MPU has 
already begun a bus cycle but AS has not been asserted (bus 
stat e SO), BG will not be asserted on the next rising edge. Instead 
BG will be delayed until the second rising edge following its inter- 
nal assertion. This sequence is shown in Figure 19. 


BUS ERROR AND HALT OPERATION. In a bus architecture 
that requires a handshake from an external device, the possibility 
exists that the handshake might not occur. Since different 
systems will require a different maximum response time, a bus 
error input is provided. 

External circuitry must be used to determine the duration 
between address strobe and data transfer acknowledge before 
issuing a bus error signal. When a bus error signal is received, 
the processor has two options: initiate a bus error exception 
sequence or try running the bus cycle again. 


4-14 





R68000 


16-Bit MPU 



Figure 14. Bus Arbitration Cycle Timing Diagram 


RA 



R = BUS REQUEST INTERNAL 
A = BUS GRANT ACKNOWLEDGE INTERNAL 
G = BUS GRANT 

T = THREE-STATE CONTROL TO BUS CONTROL LOGIC^ 
X = DON’T CARE 

1. STATE MACHINE WILL NOT CHANGE STATE IF BUS IS 
IN SO OR SI. REFER TO BUS ARBITRATION CONTROL 
FOR ADDITIONAL INFORMATION. 

2. THE ADDRESS BUS WILL BE PLACED IN THEJHIGH 
IMPEDANCE STATE IF T IS ASSERTED AND AS 
NEGATED. 


Figure 15. State Diagram of R68000 Bus 
Arbitration Unit 


INTERNAL SIGNAL VALID — | 
EXTERNAL SIGNAL- 
SAMPLED 


CLK 


UTJ 


BR (EXTERNAL)- 

_ 

BR (INTERNAL)— 


UJ LJ L 


ASYNCHRONOUS 
INPUT DELAY* ! 




BGACK- 


% 


•THIS DELAY TIME IS EQUAL TO PARAMETER #33, tcHGL 


Figure 16. Timing Relationship of External 
Asynchronous Inputs to Internal Signals 


Bus Error Operation. When BERR is asserted, the current bus 
cycle i^rminated. If BERR is asserted before the falling edge 
of S2, AS will be negated in S7 in either a read or write cycle. 
As long as BERR remains asserted, the data and ad dress buses 
will be in the high-impedance state. When BERR is negated, 
the processor will begin stacking for exception processing. 
Figure 20 is a timing diagram for the exception sequence. The 
sequence is composed of the following elements: 

1. stacking the program counter and status register, 

2. stacking the error information, 

3. reading the bus error vector table entry, and 

4. executing the bus error handler routine. 
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Figure 17. Bus Arbitration During Processor Bus Cycle 



Figure 18. Bus Arbitration with Bus Inactive 
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Figure 19. Bus Arbitration During Processor Bus Cycle Special Case 
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The stacking of the program counter and the status register is 
identical to the interrupt sequence. Several additional items are 
stacked when a bus error occurs. These items are used to deter- 
mine the nature of the error and correct it, if possible. The bus 
error vector is vector number two located at address $000008. 
The processor loads the new program counter from this loca- 
tion. A software bus error handler routine is then executed by 
the processor. Refer to EXCEPTION PROCESSING for addi- 
tional information. 

Re-Running the Bus Cycle . Wh en, du ring a bus cycle, the 
processor receives a BERR, and HALT is being driven by an 
external device, the processor enters the re-run sequence. 
Figure 21 is a timing diagram for re-running the bus cycle. 

The processor terminates the bus cycle, then puts the address 
and data output lines in the high-impedance state. The processor 
remains “halted” and wil l not run another bus cycle until exter- 
nal logic negates HALT. Then the processor will re-run the 
previous bus cycle using the same address, the same function 
code s, the s ame data (for a write operation), and the same con- 
trols. BERR should be negated at least one clock cycle before 
HALT is negated. 

Note 

The processor will not re-run a read-modify-write cycle. 
This restriction is made to guarantee that the entire cycle 
runs correctly and that the write operation of a Test-and- 
Set op erati on is performed without ever releasing AS. If 
BERR and HALT are asserted during a read-modify-write 
bus cycle, a bus error operation results. 

Halt Operation with No Bus Error. The HALT input signal to 
the R68000 performs a Halt/Run/Single-Step fun ction in a similar 
fashion to the R6500 halt functions. When the HALT signal is 
con stantly active the processor “halts” (does nothing) and when 
the HALT signal is constantly inactive the processor “runs” 
(does something). 


The sin gle-ste p mode, derived from correctly timed transitions 
on the HALT signal input, forces the processor to execute a 
single bus-cycle by entering the “run” mode until the processor 
starts a bus cycle then changing to the “halt” mode. Thus, the 
single-step mode allows the user to proceed through (and 
therefore debug) processor operations one bus cycle at a time. 

Figure 22 details the timing required for correct single-step 
operations. Som e care m ust be exe rcised to avoid harmful inter- 
actions between BERR and HALT when using the single cycle 
mode as a debug ging tool. Th is is also true of interactions 
between the HALT and RESET lines since these can reset the 
machine. 

Wh en the processor completes a bus cycle after recognizing 
that HALT is active, most three-state signals are put in the high- 
impedance state. These include: 

1. address lines, and 

2. data lines. 

This is required for correct performance of the re-run bus cycle 
operation. 

Honoring the halt request has no effect on bus arbitration. Only 
the bus arbitration function removes the control signals from the 
bus. 

Total debugging flexibility is derived from the software debugging 
package, the halt function, and the hardware trace capability. 
These processor capabilities allow the hardware debugger to 
trace single bus cycles or single instructions at a time. 

Double Bus Faults. When a bus error exception occurs, the 
processor will attempt to stack several words containing informa- 
tion about the state of the machine. If a bus error exception 
occurs during the stacking operation, there have been two bus 
errors in a row, or a double bus fault. A double bus fault causes 
the processor to halt. Once a bus error exception has occurred, 
any bus error exception occurring before the execution of the 
next instruction constitutes a double bus fault. 
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Note that a bus cycle which is re-run does not constitute a bus 
error exception, and does not contribute to a double bus fault. 
This means that as long as the external hardware requests it, 
the processor will continue to re-run the same bus cycle. 


The bus error (BERR) pin also has an effect on processor opera- 
tion after the processor receives an external reset input. The 
processor reads the vector table after a reset to determine the 
address to start program execution. If a bus error occurs while 
reading the vector table (or at any time before the first instruc- 
tion is executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a halted 
processor. 

RESET OPERATION. The reset signal is a bidirectional signal 
that allows either the processor or an external signal to reset 
the s ystem. Figu re 23 is a timing diagram for reset operations. 
Both HALT and RESET must be applied to ensure total reset 
of the processor. 


When the RESET and HALT are driven by an external device 
the entire system, including the processor, is reset. The 
processor responds by reading the reset vector table entry (vec- 
tor number zero, address $000000) and loading into the super- 
visor stack pointer (SSP). Vector table entry number one at 
address $000004 is read next and loaded into the program 
counter. The processor initializes the status register to an inter- 
rupt level of seven, with no other register being affected. 

Execution of the RESET instruction drives the reset pin low for 
124 clock periods. In this case, the processor is trying to reset 
the rest of the system. The internal state of the processor, includ- 
ing the processor’s internal registers and the status register, is 
unaffected by the execution of a RESET instruction. All external 
devices connected to the reset line will be reset at the comple- 
tion of the RESET instruction. 


Asserting RESET and HALT for 10 clock cycles will cause a 
processor reset, except when Vcc is initially applied to the 
processor. In this case, an external reset must be applied for 
100 milliseconds. 


THE R ELATIONSHIP OF DTACK, BERR, AND 
HALT 

In order to properly contr ol termin a tion of a bus cycle f or a re-run 
or a bus error condition, DTACK, BERR, and HALT should be 
asserted and negated on the rising edge of R68000 clock. This 
will assure that when two signals are asserted simultaneously, 
the required setup time (#47) for both of them will be met during 
the same bus state. 

This, or some equivalent precaution, should be designed exter- 
nal to the R68000. Parameter #48 is intended to ensure this 
operation in a totally asynchronous system, and may be ignored 
if the above conditions are met. 

The preferred bus cycle terminations may be summarized as 
follows (case numbers refer to Table 4): 

Normal Termination: DTACK occurs first (case 1). 

Halt Ter min ation: HALT is asserted at same time, or precedes 
DTACK (no BERR) cases 2 and 3. 

Bus Error Termina tion: BE RR is as serted in lieu of, at same 
time, or prec eding DT ACK (case 4); BERR negated at same 
time, or after DTACK. 


Re-Run Termination: H ALT and BERR asserted i n lieu of, at 
the same time, or before DTACK (ca ses 6 and 7); HALT must 
be neg ated at least one cy cle after BERR. (Case 5 indicates 
BERR may precede HALT which allows fully asynchronous 
assertion). 

Table 4 details the resulting bus cycle termination under various 
combinations of control signal sequences. The negation of these 
same co ntrol sig nals under several conditions is shown in 
Table 5. (DTACK is assumed to be n egat ed nor mally in all 
cases; for best results, both DTACK and BERR should be 
negated when address strobe is negated). 

Example A: A system uses a watch-dog timer to terminate 
accesse s to unpop ulated address space. The timer asserts 
DTACK and BERR simultaneously after timeout (case 4). 
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Example B: A system u ses erro r detection on RAM contents. 
Design er may (a) delay DTACK until data verified, and return 
BERR and HALT simultan eously to re-run er ror cycle (case 6), 
or if valid, return D TACK ( case 1); (b) delay DTACK until data 
verified and return BERR at same time as DTACK if data in 
error (case 4). 


ASYNCHRONOUS VERSUS SYNCHRONOUS 
OPERATION 

Asynchronous Operation 

To achieve clock frequency independence at a system level, the 
R68000 can be used in an asynchronous manner. Th i s entails 
using o nly th e bus han dshake lines (AS, UDS, LDS, DTACK, 
BERR, HALT, and VPA) to control the data transfer. Using this 
method, AS signals the start of a bus cycle and the data strobes 
are used as a condition for valid data on a write cycle. The slave 
device (memory or peripheral) then responds by placing the 
requested data on the data bus for a read cycle or latching data 
on a w rite cycl e and asserting the data transfer acknowledge 
signal (DTACK) to terminate the bus cycle. If no slave r eponds 
or the acc ess i s inval id, external control logic asserts the BERR, 
or BERR and HALT, signal to abort or rerun the bus cycle. 


The BERR signal is allo wed to be asserted after the DTACK 
signal is asserted. BER R must be asserted within the time given 
as parameter #48 after DTACK is asserted in any asynchronous 
system to insure proper operation. If this maximum delay time 
is violated, the processor may exhibit erratic behavior. 

Synchronous Operation 

To allow for those system s which use the system clock as a 
signal to generate DTACK and other asynchronous inputs, the 
asynchronous inputs setup time is gi ven as p arameter #47. If 
this setup is met on an input, such as DTACK, the processor is 
guaranteed to recognize that signal on the next falling edge of 
the system clock. However, the converse is not true— if the input 
signal does not meet the set up time it is not guaranteed not to 
be recognized. In addition, if DTACK is recognized on a falling 
edge, valid data will be latched into the processor (on a read 
cycle) on the next falling edge provided that the data meets the 
setup time given as param eter #27 . Given this, parameter #31 
may be ignored. Note that if DTACK is asserted, with the required 
setup time, before the falling edge of S4, no wait states will be 
incurred and the bus cycle will run at its maximum speed of four 
clock periods. 

In ord er to a ssure proper op eration i n a synchronous system 
when BERR is asserted after DTACK, the following conditions 
must be met. Within one clock cycle after DTACK was recog- 
nized, BERR must meet the setup time parameter #27A prior 
to the falling edge of the next clock. The setup time is critical 
to proper operation, and the R68000 may exhibit erratic behavior 
if it is violated. 


The DTACK signal is allowed to be asserted before the data from 
a slave device is valid on a read cycle. The length of time that 
DTACK may precede data is given as parameter #31 (See 
Figure 45) and it must be met in any asynchronous system to 
insure that valid data is latched into the processor. Notice t hat 
there is no maximum t ime spe cified from the assertion of AS 
to the assertion of DTACK. This is because the MP U 
will insert wait cycles of one clock period each until DTACK is 
recognized. 


Note 

During an active bus cycle, VPA and BERR are s ampled 
on every falling edge of the clock starting with SO. DTACK 
is sampled on every falling edge of the clock starting with 
S4 and data is latched on the falling edge of S6 during 
a read . The b us cycle will then be terminated i n S7 exc ept 
when BERR is asserted in the absence of DTACK, in 
which case it will terminate one clock cycle later in S9. 
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Table 4. DTACK, BERR, HALT Assertion Results 


Case 

No. 

Control 

Signal 

Asserted on Rising 

Edge of State 

Result 

N 

N + 2 


DTACK 

A 

S 


1 

BERR 

NA 

X 

Normal cycle terminate and continue. 


HALT 

NA 

X 



DTACK 

A 

S 


2 

BERR 

NA 

X 

Normal cycle terminate and halt. Continue when HALT removed. 


HALT 

A 

s 



DTACK 

NA 

A 


3 

BERR 

NA 

NA 

Normal cycle terminate and halt. Continue when HALT removed. 


HALT 

A 

S 



DTACK 

X 

X 


4 

BERR 

A 

S 

Terminate and take bus error trap. 


HALT 

NA 

NA 



DTACK 

NA 

X 


5 

BERR 

A 

s 

Terminate and re-run. 


HALT 

NA 

A 



DTACK 

X 

X 


6 

BERR 

A 

s 

Terminate and re-run when HALT removed. 


HALT 

A 

s 



DTACK 

NA 

X 


7 

BERR 

NA 

A 

Terminate and re-run when HALT removed. 


HALT 

A 

S 



Legend: 

N — the number of the current even bus state (e.g., S4, S6, etc.) 

A — signal is asserted in this bus state 
NA — signal is not asserted in this state 
X — don’t care 

S — signal was asserted in previous state and remains asserted in this state 


Table 5. BERR AND HALT Negation Results 


Conditions of 
Termination in 

Table 4-4 

Control 

Signal 

Negated on Rising 

Edge of State 

Results — Next Cycle 

N N + 2 

Bus Error 

BERR 

HALT 

• or • 

• or • 

Takes bus error trap. 

Re-run 

BE^ 

HALT 

• or • 

• 

Illegal sequence; usually traps to vector number 0. 

Re-run 

beM 

HALT 

• 

• 

Re-runs the bus cycle. 

Normal 

BERR 

HALT 

• 

• or • 

May lengthen next cycle. 

Normal 

BERR 

HALT 

• 

• or none 

If next cycle is started it will be terminated as a bus error. 

• = Signal is negated in this bus state. 
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PROCESSING STATES 

The following paragraphs describe the actions of the R68000 
which are outside the normal processing associated with the 
execution of instructions. The functions of the bits in the super- 
visor portion of the status register are covered: the super- 
visor/user bit, the trace enable bit, and the processor interrupt 
priority mask. The sequence of memory references and actions 
taken by the processor on exception conditions are detailed. 

The R68000 is always in one of three processing states: nor- 
mal, exception, or halted. The normal processing state 
associated with instruction execution; the memory references 
are to fetch instructions and operands, and to store results. A 
special case of the normal state is the stopped state which the 
processor enters when a STOP instruction is executed. In this 
state, no further references are made. 

The exception processing state is associated with interrupts, trap 
instructions, tracing and other exceptional conditions. The 
exception may be internally generated by an instruction or by 
an unusual condition arising during the execution of an instruc- 
tion. Externally, exception processing can be forced by an inter- 
rupt, by a bus error, or by a reset. Exception processing is 
designed to provide an efficient context switch so that the 
processor may handle unusual conditions. 

The halted processing state is an indication of a catastrophic 
hardware failure. For example, If during the exception processing 
of a bus error another bus error occurs, the processor assumes 
that the system is unusable and halts. Only an external reset 
can restart a halted processor. Note that a processor in the 
stopped state is not in the halted state, nor vice versa. 

PRIVILEGE STATES 

The processor operates in one of two states of privilege: the 
“user” state or the “supervisor” state. The privilege state deter- 
mines legal operations. It is used to choose between the super- 
visor stack pointer and the user stack pointer in instruction 
references, and by the external memory management device 
to control and translate accesses. 

The privilege state is a mechanism for providing security in a 
computer system by allowing most programs to execute in user 
state. In this state, the accesses are controlled, and the effects 
on other parts of the system are limited. Programs should access 
only their own code and data areas, and ought to be restricted 
from accessing information. 

The operating system which executes in the supervisor state, 
has access to all resources and performs the overhead tasks 
for the user state programs. 

SUPERVISOR STATE. The supervisor state is the higher state 
of privilege. For instruction execution, the supervisor state is 
determined by asserting (high) the S-bit of the status register. 
All instructions can be executed in the supervisor state. The bus 
cycles generated by instructions executed in the supervisor state 
are classified as supervisor references. While the processor is 
in the supervisor privilege state, those instructions which use 
either the system stack pointer implicitly or address register 
seven explicitly access the supervisor stack pointer. 


All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor 
references. All stacking operations during exception processing 
use the supervisor stack pointer. 

USER STATE. The user state is the lower state of privilege. For 
instruction execution, the user state is determined by negating 
(low) the S-bit of the status register. 

Most instructions execute the same in user state as in the super- 
visor state. However, some instructions which have important 
system effects are made privileged. User programs are not per- 
mitted to execute the STOP instruction, or the RESET instruc- 
tion. To ensure that a user program cannot enter the supervisor 
state except in a controlled manner, the instructions which 
modify the whole state register are priviled. To aid in debugging 
programs which are to be used as operating systems, the move 
to user stack pointer (MOVE to USP) and move from user stack 
pointer (MOVE from USP) instructions are also privileged. 

The bus cycles generated by an instruction executed in user 
state are classified as user state references. This allows an exter- 
nal memory management device to translate the address and 
to control access to protected portions of the address space. 
While the processor is in user privilege state, those instructions 
which use either the system stack pointer implicitly or address 
register seven explicitly, access the user stack pointer. 

PRIVILEGE STATE CHANGES. Once the processor is in the 
user state and executing instructions, only exception processing 
can change the privilege state. During exception processing, 
the current setting of the S-bit of the status register is saved and 
the S-bit is asserted, putting the processing in the supervisor 
state. Therefore, when instruction execution resumes to process 
the exception, the processor is in the supervisor privilege state. 

REFERENCE CLASSIFICATION. When the processor makes 
a reference, it classifies the kind of reference being made by 
using the encoding on the three function code output lines. This 
allows external translation of addresses, control of access, and 
differentiation of special processor states, such as interrupt 
acknowledge. Table 6 lists the classification of references. 


Table 6. Reference Classification 


Function Code Output 

Reference Class 

FC2 

FC1 

FCO 

0 

0 

0 

(Unassigned) 

0 

0 

1 

User Data 

0 

1 

0 

User Program 

0 

1 

1 

(Unassigned) 

1 

0 

0 

(Unassigned) 

1 

0 

1 

Supervisor Data 

1 

1 

0 

Supervisor Program 

1 

1 

1 

Interrupt Acknowledge 
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WORD 0 

WORD 1 


NEW PROGRAM COUNTER (HIGH) 


NEW PROGRAM COUNTER (LOW) 


A0 = 0, A1 =0 


A0 = 0, A1 = 1 


Figure 24. Exception Vector Format 


D15 D8 D7 DO 


IGNORED 

v7 

v6 

v5 

v4 

v3 

i 

v2 

Vl 

vO 


WHERE: 

v7 IS THE MSB OF THE VECTOR NUMBER 
vO IS THE LSB OF THE VECTOR NUMBER 


Figure 25. Peripheral Vector Number Format 



EXCEPTION PROCESSING 

Before discussing the details of interrupts, traps, and tracing, 
a general description of exception processing is in order. The 
processing of an exception occurs in four steps, with variations 
for different exception causes. During the first step, a temporary 
copy of the status register is made, and the status register is 
set for exception processing. In the second step the exception 
vector is determined, and the third step is the saving of the cur- 
rent processor contents. In the fourth step a new context is 
obtained, and the processor switches to instruction processing. 

EXCEPTION VECTORS. Exception vectors are memory loca- 
tions from which the processor fetches the address of a routine 
which will handle that exception. All exception vectors are two 
words in length (Figure 24), except for the reset vector, which 
is four words. All exception vectors lie in the supervisor data 
space, except for the reset vector which is in the supervisor pro- 
gram space. A vector number is an eight-bit number which, when 
multipled by four, gives the address of an exception vector. Vec- 
tor numbers are generated internally or externally, depending 
on the cause of the exception. In the case of interrupts, during 
the interrupt acknowledge bus cycle, a peripheral provides an 
8-bit vector number (Figure 25) to the processor on data bus lines 
DO through D7. The processor translates the vector number into 
a full 24-bit address, as shown in Figure 26. The memory layout 
for exception vectors is given in Table 7. 

As shown in Table 7, the memory layout is 512 words long 
(1024 bytes). It starts at address 0 and proceeds through 


address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions. Of the 255, 
there are 192 reserved for user interrupt vectors. However, there 
is no protection on the first 64 entries, so user interrupt vectors 
may overlap at the discretion of the systems designer. 


KINDS OF EXCEPTIONS. Exceptions can be generated either 
internally or ex ternally. Ext ernally generated exceptio ns include 
interrupts (IRQ), bus error (BERR), and reset (RESET) requests. 
Interrupts a re requ ests from p eripheral devices for processor 
action while BERR and RESET inputs are used for access con- 
trol and processor restart. Internally generated exceptions come 
from Instructions, from address errors, or from tracing. The trap 
(TRAP), trap on overflow (TRAPV), check register against bounds 
(CHK) and divide (DIV) instructions can all generate exceptions 
as part of their instruction execution. In addition, illegal instruc- 
tions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, inter- 
nally generated interrupt after each instruction execution. 


EXCEPTION PROCESSING SEQUENCE. Exception processing 
occurs in four identifiable steps. In the first step, an internal copy 
is made of the status register. After the copy is made, the S-bit 
is asserted, putting the processor into the supervisor privilege 
state. Also, the T-bit is negated which will allow the exception 
handler to execute unhindered by tracing. For the reset and inter- 
rupt exceptions, the interrupt priority mask is also updated. 
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Table 7. Exception Vector Assignment 


Vector 

Number(s) 

Address 


Dec 

Hex 

Space 

Assignment 

0 

0 

000 

SP 

Reset: Initial SSP 

— 

4 

004 

SP 

Reset: Initial PC 

2 

8 

008 

SD 

Bus Error 

3 

12 

OOC 

SD 

Address Error 

4 

16 

010 

SD 

Illegal Instruction 

5 

20 

014 

SD ) 

Zero Divide 

6 

24 

018 

SD 

CHK Instruction 

7 

28 

01C 

SD 

TRAPV Instruction 

8 

32 

020 

SD 

Privilege Violation 

9 

36 

024 

SD 

Trace 

10 

40 

028 

SD 

Line 1010 Emulator 

11 

44 

02C 

SD 

Line 1111 Emulator 

12* 

48 

030 

SD 

(Unassigned, reserved) 

13* 

52 

034 

SD 

(Unassigned, reserved) 

14* 

56 

038 

SD 

(Unassigned, reserved) 

15 

60 

03C 

SD 

Uninitialized Interrupt Vector 

16-23* 

64 

04C 

SD 

(Unassigned, reserved) 


95 

05F 


— 

24 

96 

060 

SD 

Spurious Interrupt 

25 

100 

064 

SD 

Level 1 Interrupt Autovector 

26 

104 

068 

SD 

Level 2 Interrupt Autovector 

27 

108 

06C 

SD 

Level 3 Interrupt Autovector 

28 

112 

070 

SD 

Level 4 Interrupt Autovector 

29 

116 

074 

SD 

Level 5 Interrupt Autovector 

30 

120 

078 

SD 

Level 6 Interrupt Autovector 

31 

124 

07C 

SD 

Level 7 Interrupt Autovector 

32-47 

128 

080 

SD 

TRAP Instruction Vectors 


191 

OBF 


— 

48-63* 

192 

OCO 

SD 

(Unassigned, reserved) 


255 

OFF 


- 

64-255 

256 

100 

SD 

User Interrupt Vectors 


1023 

3FF 


- 


’Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are reserved for future enhancements. No user peripheral devices should be assigned 
these numbers. 
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Table 8. Exception Grouping and Priority 


In the second step, the vector number of the exception is deter- 
mined. For interrupts, the vector number is obtained by a 
processor fetch, classified as an interrupt acknowledge. For all 
other exceptions, internal logic provides the vector number. This 
vector number is then used to generate the address of the excep- 
tion vector. 

The third step is to save the current processor status except for 
the reset exception. The current program counter value and the 
saved copy of the status register are stacked using the super- 
visor stack pointer as shown in Figure 27. The program counter 
value stacked usually points to the next unexecuted instruction; 
however, for bus error and address error, the value stacked for 
the program counter is unpredictable, and may be incremented 
from the address of the instruction which caused the error. Addi- 
tional information defining the current context is stacked for the 
bus error and address error exceptions. 

The last step is the same for all exceptions. The new program 
counter value is fetched from the exception vector. The 
processor then resumes instruction execution. The instruction 
at the address given in the exception vector is fetched, and 
normal instruction decoding and execution is started. 

MULTIPLE EXCEPTIONS. These paragraphs describe the proc- 
essing which occurs when multiple exceptions arise 
simultaneously. Exceptions can be grouped according to their 
occurrence and priority. The Group 0 exceptions are reset, bus 
error, and address error. These exceptions cause the instruc- 
tion currently being executed to be aborted, and the exception 
processing to commence within two clock cycles. The Group 1 
exceptions are trace and interrupt, as well as the privilege viola- 
tions and illegal instructions. These exceptions allow the cur- 
rent instruction to execute to completion, but preempt the execu- 
tion of the next instruction by forcing exception processing to 
occur (privilege violations and illegal instructions are detected 
when they are the next instruction to be executed). The Group 2 
exceptions occur as part of the normal processing of instruc- 
tions. The TRAP, TRAPV, CHK, and zero divide exceptions are 
in this group. For these exceptions, the normal execution of an 
instruction may lead to exception processing. 

Group 0 exceptions have highest priority, while Group 2 excep- 
tions have lowest priority. Within Group 0, reset has highest 
priority, followed by address error and then bus error. Within 
Group 1 , trace has priority over external interrupts, which in turn 
takes priority over illegal instruction and privilege violation. Since 
only one instruction can be executed at a time, there is no priority 
relation within Group 2. 


Group 

Exception 

Processing 

0 

Reset 

Address Error 

Bus Error 

Exception processing begins 
within two clock cycles. 

1 

Trace 

Interrupt 

Illegal Instruction 
Privilege Violation 

Exception processing begins 
before the next instruction. 

2 

TRAP, TRAPV, CHK, 
Zero Divide 

Exception processing is started 
by normal instruction execution 


The priority relation between two exceptions determines which 
is taken first if the conditions for both arise simultaneously. 
Therefore, if a bus error occurs during a TRAP instruction, the 
bus error takes precedence, and the TRAP instruction proc- 
essing is aborted. In another example, if an interrupt request 
occurs during the execution of an instruction while the T-bit is 
asserted, the trace exception has priority, and is processed first. 
Before instruction processing resumes, however, the interrupt 
exception Is also processed, and instruction processing com- 
mences finally in the interrupt handler routine. Table 8 gives a 
summary of exception grouping and priority. 


EXCEPTION PROCESSING DETAILED DISCUSSION 

Exceptions have a number of sources, and each exception has 
a unique processing sequence. The following paragraphs detail 
the sources of exceptions, how each arises, and how each is 
processed. 

RESET. The reset input provides the highest exception level. 
The processing of the reset signal is designed for system initia- 
tion, and recovery from catastrophic failure. Any processing in 
progress at the time of the reset is aborted and cannot be 
recovered. The processor is forced into the supervisor state and 
the trace state is forced off. The processor interrupt priority mask 
is set at level seven. The vector number is internally generated 
to reference the reset exception vector at location 0 in the super- 
visor program space. Because no assumptions can be made 
about the validity of register contents, in particular the super- 
visor stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the reset 
exception vector is fetched as the initial program counter. Finally, 
instruction execution is started at the address in the program 
counter. The powerup/restart code should be pointed to by the 
initial program counter. 

The RESET instruction does not cause loading of the reset vec- 
tor, but does assert the reset line to reset external devices. This 
allows the software to reset the system to a known state and 
then continue processing with the next instruction. 


STATUS REGISTER 


HIGH 

[-PROGRAM COUNTER j 


LOW 


HIGHER 

ADDRESSES 


Figure 27. Exception Stack Order (Groups 1 and 2) 
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INTERRUPTS. Seven levels of interrupt priorities are provided. 
Devices may be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to interrupt 
the processor. Interrupt priority levels are numbered from one 
to seven, level seven being the highest priority. The status 
register contains a three-bit mask which indicates the current 
processor priority. Interrupts are inhibited for all priority levels 
less than or equal to the current processor priority. 

An Interrupt request is made to the processor by encoding the 
interrupt request level on the interrupt request lines; a zero indi- 
cates no interrupt request. Interrupt requests arriving at the 
processor do not face immediate exception processing, but are 
made pending. Pending interrupts are detected between instruc- 
tion executions. If the priority of the pending interrupt is lower 
than or equal to the current processor priority, execution con- 
tinues with the next instruction and the interrupt exception 
processing is postponed. (The recognition of level seven is 
slightly different, as explained in a following paragraph.) 

If the priority of the pending interrupt is greater than the current 
processor priority, the exception processing sequence is started. 
First a copy of the status register is saved, and the privilege state 
is set to supervisor, then tracing is suppressed, and the 
processor priority level is set to the level of the interrupt being 
acknowledged. The processor fetches the vector number from 
the interrupting device, classifying the reference as an interrupt 
acknowledge and displaying the level number of the interrupt 
being acknowledged on the address bus. If external logic 
requests an automatic vectoring, the processor internally 
generates a vector number which is determined by the interrupt 
level number. If external logic indicates a bus error, the inter- 
rupt is taken to be spurious, and the generated vector number 
references the spurious interrupt vector. The processor then pro- 
ceeds with the usual exception processing, saving the program 
counter and status register on the supervisor stack. The saved 
value of the program counter is the address of the instruction 
which would have been executed had the interrupt not been 
present. The content of the interrupt vector whose vector number 
was previously obtained is fetched and loaded into the program 
counter, and normal instruction execution commences in the 
interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 28, a timing diagram 
is given in Figure 29, and the interrupt exception timing 
sequence is shown in Figure 30. 

Priority level seven is a special case. Level seven interrupts can- 
not be inhibited by the interrupt priority mask, thus providing 
a ‘‘non-maskable interrupt” capability. An interrupt is generated 
each time the interrupt request level changes from some lower 
level to level seven. Note that a level seven interrupt may still 
be caused by the level comparison if the request level Is a seven 
and the processor priority is set to a lower level by an instruction. 


UNIN ITIALIZED INTERRUPT. An interrupting device asserts 
VPA or provides an interrupt vector during an interrupt 
acknowledge cycle to the R68000. If the vector register has not 
been initialized, the responding R68000 Family peripheral will 
provide vector 15, the uninitialized interrupt vector. This provides 
a uniform way to recover from a programming error. 


PROCESSOR INTERRUPTING DEVICE 



Figure 28. Interrupt Acknowledge Sequence Flow Chart 


SPURIOUS INTERRUPT. If during th e interru pt ackn owledge 
cycle no device responds by asserting DTACK or VPA, the bus 
error line should be asserted to terminate the vector acquisition. 
The processor separates the processing of this error from bus 
error by fetching the spurious interrupt vector instead of the bus 
error vector. The processor then proceeds with the usual excep- 
tion processing. 

INSTRUCTION TRAPS. Traps are exceptions caused by instruc- 
tions. They arise either from processor recognition of abnormal 
conditions during instruction execution, or from use of instruc- 
tions whose normal behavior is trapping. 
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LAST BUS CYCLE 
OF INSTRUCTION 

m (READ OR-^ 

WRITE) 


lACK CYCLE 

h(VECTOR NUMBER ACQUISITION)H 


STACK AND 
h VECTOR FETCH I 


I ' WRITE) I (SSP) I ' 'I I 

•ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH DATA STROBES ARE ASSERTED DUE TO THE MICROCODE USED 
FOR EXCEPTION PROCESSING. THE PROCESSOR DOES NOT RECOGNIZE ANYTHING ON DATA LINES D8 THROUGH D15 
AT THIS TIME. 


Figure 29. Interrupt Acknowledge Sequence Timing Diagram 


LAST BUS CYCLE 
OF INSTRUCTiON 
(DURING WHICH 
INTERRUPT WAS 
RECOGNIZED) 


STACK 

PCL 

(AT SSP-2) 


lACK 

CYCLE 

‘ (VECTOR NUMBER ' 
ACQUISITION) 


STACK 
STATUS 
(AT SSP-6) 


STACK 

PCH 

(AT SSP-4) 


READ 

VECTOR 

HIGH 

(A16-A23) 


READ 

VECTOR 

LOW 

(A0-A15) 


FETCH FIRST 
WORD OF 
INSTRUCTION 
OF INTERRUPT 
ROUTINE 


NOTE: 

SSP REFERS TO THE 
VALUE OR THE SUPER- 
VISOR STACK POINTER 
BEFORE THE INTERRUPT 
OCCURS 


Figure 30. interrupt Exception Timing Sequence 
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Some instructions are used specifically to generate traps. The 
TRAP instruction always forces an exception, and is useful for 
implementing system calls for user programs. The TRAPV and 
CHK instructions force an exception if the user program detects 
a runtime error, which may be an arithmetic overflow or a 
subscript out of bounds. 

The signed divide (DIVS) and unsigned divide (DIVU) instruc- 
tions will force an exception if a division operation is attempted 
with a divisor of zero. 

ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS. Illegal 
instruction refers to any of the word bit patterns which are not 
the bit pattern of the first word of a legal instruction. During 
instruction execution, if such an instruction is fetched, an illegai 
instruction exception occurs. Rockwell reserves the right to 
define instructions whose opcodes may be any of the illegal 
instructions. Three bit patterns will always force an illegal instruc- 
tion trap on all R68000 Family compatible microprocessors. They 
are: $4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA 
and $4AFB, are reserved for Rockwell system products. The third 
pattern, $4AFC, is reserved for customer use. 

Word patterns with bits 15 through 12 equaling 1010 or 1111 
are distinguished as unimplemented instructions and separate 
exception vectors are given to these patterns to permit efficient 
emulation. This facility allows the operating system to detect pro- 
gram errors, or to emulate unimplemented instructions in 
software. 

PRIVILEGE VIOLATIONS. In order to provide system security, 
various instructions are privileged. An attempt to execute one 
of the privileged instructions while in the user state will cause 
an exception. The privileged instructions are: 

STOP AND Immediate to SR 

RESET EOR Immediate to SR 

RTE OR Immediate to SR 

MOVE USP MOVE to SR 

TRACING. To aid in program development, the R68000 includes 
a facility to allow instruction by instruction tracing. In the trace 
state, after each instruction is executed an exeception is forced, 
allowing a debugging program to monitor the execution of the 
program under test. 

The trace facility uses the T-bit in the supervisor portion of the 
status register. If the T-bit is negated (off), tracing is disabled, 
and instruction execution proceeds from instruction to instruc- 
tion as normal. If the T-bit is asserted (on) at the beginning of 
the execution of an instruction, a trace exception will be 
generated after the execution of that instruction is completed. 
If the instruction is not executed, either because an interrupt 
is taken, or the instruction is illegal or privileged, the trace excep- 
tion does not occur. The trace exception also does not occur 
if the instruction is aborted by a reset, bus error, or address error 
exception. If the instruction is indeed executed and an interrupt 


is pending on completion, the trace exception is processed 
before the interrupt exception. If, during the execution of the 
instruction, an exception is forced by that instruction, the forced 
exception is processed before the trace exception. 

As an extreme illustration of the above rules, consider the arrival 
of an interrupt during the execution of a TRAP instruction while 
tracing is enabled. First the trap exception is processed, then 
the trace exception, and finally the interrupt exception. Instruc- 
tion execution resumes in the interrupt handler routine. 

BUS ERROR. Bus error exceptions occur when the external logic 
requests that a bus error be processed by an exception. The 
current bus cycle which the processor is making is then aborted. 
Whether the processor was doing instruction or exception 
processing, that processing is terminated, and the processor 
immediately begins exception processing. 

Exception processing for bus error follows the usual sequence 
of steps. The status register is copied, the supervisor state is 
entered, and the trace state is turned off. The vector number 
is generated to refer to the bus error vector. Since the processor 
was not between instructions when the bus error exception 
request was made, the context of the processor is more detailed. 
To save more of this context, additional information is saved on 
the supervisor stack. The program counter and the copy of the 
status register are of course saved. The value saved for the pro- 
gram counter is advanced by some amount, two to ten bytes 
beyond the address of the first word of the instruction which 
made the reference causing the bus error. If the bus error 
occurred during the fetch of the next instruction, the saved pro- 
gram counter has a value in the vicinity of the current instruc- 
tion, even if the current instruction is a branch, a jump, or a return 
instruction. Besides the usual information, the processor saves 
its internal copy of the first word of the instruction being 
processed, and the address which was being accessed by the 
aborted bus cycle. Specific information about the access is also 
saved: whether it was a read or a write, whether the processor 
was processing an instruction or not, and the classification 
displayed on the function code outputs when the bus error 
occurred. The processor is processing an instruction if in the 
normal state or processing a Group 2 exception; the processor 
is not processing an instruction when processing a Group 0 or 
a Group 1 exception. Figure 31 illustates how the information 
is organized on the supervisor stack. Although this information 
Is not sufficient to effect full recovery from the bus error, it does 
allow software diagnosis. Finally, the processor commences 
Instruction processing at the address contained in the vector. 
It Is the responsibility of the error handler routine to clean up 
the stack and determine where to continue execution. 

If a bus error occurs during the exception processing for a bus 
error, address error, or reset, the processor is halted, and all 
processing ceases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself fr om the 
system rather than destroy all memory contents. Only the RESET 
pin can restart a halted processor. 


4-28 




R68000 


16-Bit MPU 
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R/W 

I/N 

FUNCTION 

CODE 

ACCESS ADDRESS 

HIGH 

LOW 

— 

— 


INSTRUCTION REGISTER 

STATUS REGISTER 

PROGRAM COUNTER — 

HIGH 

LOW 

— 

— 

— 


R/W (READ/WRITE): WRITE = 0, READ = 1. I/N (INSTRUCTION/NOT): INSTRUCTION = 0, NOT = 1 . 


HIGHER 

ADDRESS 


Figure 31 . Supervisor Stack Order (Group 0) 



ADDRESS ERROR. Address error exceptions occur when the 
processor attempts to access a word or a long word operand 
or an instruction at an odd address. The effect is much like an 
internally generated bus error, so that the bus cycle is aborted, 
and the processor ceases whatever processing it is currently 
doing and begins exception processing. After exception 
processing commences, the sequence is the same as that for 
bus error including the information that is stacked, except that 
the vector number refers to the address error vector instead. 
Likewise, if an address error occurs during the exception 
processing for a bus error, address error, or reset, the processor 
is halted. As shown in Figure 32, an address error will execute 
a short bus cycle followed by an exception processing. 
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INTERFACE WITH R6500 PERIPHERALS 

Rockwell’s line of R6500 peripherals are directly compatible with 
the R68000. Some of these devices that are particularly useful 
are: 

R6520 Peripheral Interface Adapter (PIA) 

R6522 Versatile Interface Adapter (VIA) 

R6545 CRT Controller (CRTC) 

R6551 Asynchronous Communication Interface Adapter 
(ACIA) 

To interface the synchronous R6500 peripherals with the asyn- 
chronous R68000, the processor modifies its bus cycle to meet 
the R6500 cycle requirements whenever an R6500 device 
address is detected. This is possible since both processors use 
memory mapped I/O. Figure 33 is a flow chart of the interface 
operation between the processor and R6500 devices. 6800 
peripherals are also compatible with the R68000 processor. 


PROCESSOR SLAVE 



START NEXT CYCLE 


Figure 33. R6500 Interfacing Flow Chart 


DATA TRANSFER OPERATION 

Three signals on the processor provide the R6500 interface. 
They are: enable (E ), val id memory address (VMA), and valid 
Peripheral address (VPA). Enable corresponds to the E or 02 
signal in existing R6500 systems. The bus frequency is one tenth 
of the incoming R68000 clock frequency. The timing of E allows 
1 MHz peripherals to be used with an 8 MHz R68000. Enable 
has a 60/40 duty cycle; that is, it is low for six input clocks and 
high for four input cloc ks. This duty cycle allows the processor 
to do successive VPA accesses on successive E pulses. 

Figures 34 and 35 give a general R6500 to R68000 interface 
timing, while Figures 36 and 37 detail the specific timing 
parameters involved in the interface. At state zero (SO) in the 
cycle, the address bus is in the high-impedance state. A func- 
tion code is asserted on the function code output lines. One- 
half clock later. In state 1 , the address bus is released from the 
high-impedance state. 

During state 2, the address strobe (AS) is asserted to indicate 
that there is a valid address on the address bus. If the bus cycle 
is a read cycle, the upper and/or lower data strobes are also 
assorted in state 2. If the bus cycle is a write cycle, the read/write 
(R/W) signal is switched to a low (write) during state 2. One-half 
clock later, in state 3, the write data is placed on the data bus, 
and in state 4 the data strobes are issued to indicate valid data 
on the data bus. The proces sor n ow inserts wait states until it 
recognizes the assertion of VPA. 

The VPA input signals the processor that the address on the 
bus is the address of an R6500 device (or an area reserved for 
R6500 devices) and that the bus should conform to the 02 
transfer c hara cteristics of the R6500 bus. Valid peripheral 
address (VPA) is derived by decoding the address bus, 
conditioned by address strobe (AS). Chip select for the R6500 
peripherals shoul d be derived by decoding the address bus con- 
ditioned by VMA. 

After the recognition of VPA, the processor assures that the 
Enable (E) is low, by waiting if necessary, and subsequently 
asserts VMA. Valid memory address is then used as part of the 
chip select equation of the peripheral. This ensures that the 
R6500 peripherals are selected and deselected at the correct 
time. The peripheral now runs its cycle during the high portion 
of the E signal. Figures 34 and 35 depict the best and worst case 
R650 0 cycl e timing. This cycle length is dependent strictly upon 
when VPA is asserted in relationship the E clock. 

If we assume that external circuitry a sserts VPA as soon as 
possible after the assertion of AS, then VPA will be recognized 
as being asserted on the falling edge of S4. In this case, no 
“ext ra” wait cycles will be inserted prior to the recognition of 
VPA assertion and only the wait cycles inserted to synchronize 
with the E clock will determine the total length of the cycle. In 
any case, the synchronization delay will be some integral number 
of clock cycles within the following two extremes: 


1. Best Case— VPA is recognized as being asserted on the 
falling edge three clock cycles before E rises (or three clock 
cycles after E falls). 
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Figure 35. R68000 to R6500 Peripheral Timing— Worst Case 
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NOTES: 

THIS FIGURE REPRESENTS THE BEST CASE R6500 TIMING WHERE VPA FALLS BEFORE THE THIRD SYSTEM CLOCK CYCLE 
AFTER THE FALLING EDGE OF E. 

THIS TIMING DIAGRAM IS INCLUDED FOR THOSE WHO WISH TO DESIGN THEIR OWN CIRCUIT TO GENERATE VMA IT SHOWS 
THE BEST CASE POSSIBLY ATTAINABLE. 


Figure 36. R6500 Timing— Best Case 
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2. Worst Case— VPA is recognized as being asserted on the 
falling edge two clock cycles before E rises (or four clock 
cycles after E falls). 

Near the end of a read cycle, the processor latches the 
peripheral’s data in state 6. For all cycles, the processor negates 
the address and data strobes one half clock cycle later in state 7, 
and the Enable signal goes low at this time. Another half clock 
later, the address bus is put in the high-impedance state. Upon 
write cycle completion, the data bus is put in the high-impedance 
state and the read/ write signal is switched high. The peripheral 
logic must remove VPA within one clock after address strobe 
is negated. 


DTACK should not be asserted while VPA is asserted. Note 
that the R68000 VMA is active low. This allows the processor 
to put its buses in the high-impedance state on DMA requests 
without inadvertently selecting peripherals. 


INTERRUPT OPERATION 

During an interrupt a cknow ledge cycle while the processor is 
fetch ing the vector, if VPA is asserted, the R68000 will assert 
VMA and complete a normal R6500 read cycle as shown in 
Figure 38. The processor will then use an internally generated 
vector, called an autovector, that is a function of the interrupt 
being served. The seven autovectors are vector numbers 25 
through 31 (decimal). 

Autovectors operate in the same fashion as (but are not restricted 
to) the R6500 interrupt sequence. The basic difference is that 
there are six normal interrupt vectors and one NMI type vector. 
As with both the R6500 and the R68000’s normal vectored inter- 
rupt, the interrupt service routine can be located anywhere in 
the address space. This is due to the fact that while the vector 
numbers are fixed, the contents of the vector table entries are 
assigned by the user. 

Since VMA is asserted during autovectoring, the R6500 
peripheral address decoding should prevent unintended 
accesses. 

DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported. These data types are: 
Bits 

BCD Digits (4-bits) 

Bytes (8-bits) 

Word (16-bits) 

Long Words (32-bits) 

In addition, operations on other data types such as memory 
addresses, status word data, etc., are provided for in the instruc- 
tion set. 

The 14 addressing modes, shown in Table 9, include six basic 
types: 

Register Direct Program Counter Relative 

Register Indirect Implied 

Absolute Immediate 


Included in the register indirect addressing modes is the capa- 
bility to do postincrementing, predecrementing, offsetting and 
indexing. Program counter relative mode can also be modified 
via indexing and offsetting. 


Table 9. Addressing Modes 


Mode 

Generation 

Register Direct Addressing 

Data Register Direct 

Address Register Direct 

EA = Dn 

EA = An 

Absolute Data Addressing 

Absolute Short 

Absolute Long 

EA = (Next Word) 

EA = (Next Two Words) 

Program Counter Relative 
Addressing 

Relative with Offset 

Relative with Index and Offset 

EA = (PC) + di6 

EA = (PC) + (Xn) 4- de 

Register Indirect Addressing 
Register Indirect 

Postincrement Register Indirect 
Predecrement Register Indirect 
Register Indirect with Offset 

Indexed Register Indirect with Offset 

EA = (An) 

EA = (An), An-e An -i- N 
An-*- An - N, EA = (An) 
EA = (An) -h di6 

EA = (An) + (Xn> + ds 

Immediate Data Addressing 
Immediate 

Quick Immediate 

DATA = Next Word(s) 
Inherent Data 

Implied Addressing 

Implied Register 

EA = SR, USP, SP, PC 

NOTES: 

EA = Effective Address 

An = Address Register 

Dn = Data Register 

Xn = Address or Data Register 
used as Index Register 

SR = Status Register 

PC = Program Counter 
( ) = Contents of 
ds = Eight-bit Offset 
(displacement) 
di6 = Sixteen-bit Offset 
(displacement) 

N = 1 for Byte, 2 for 

Words and 4 for 

Long Word. If An 
is the stack pointer 
and the operand 
size is byte, N = 2 
to keep the stack 
pointer on a word 
boundry. 

= Replaces 


INSTRUCTION SET OVERVIEW 

The R68000 instruction set is shown in Table 10. Some addi- 
tional instructions are variations, or subsets, of these and they 
appear in Table 11. Special emphasis has been given to the 
instruction set’s support of structured high-level languages to 
facilitate ease of programming. Each instruction, with few excep- 
tions, operates on bytes, words, and long words and most 
Instructions can use any of the 14 addressing modes. Combining 
instruction types, data types, and addressing modes, over 1000 
useful instructions are provided. These instructions include 
signed and unsigned multiply and divide, “quick” arithmetic 
operations. BCD arithmetic and expanded operations (through 
traps). 
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NOTE: THIS TIMING DIAGRAM IS INCLUDED FOR THOSE WHO WISH TO DESIGN THEIR OWN CIRCUIT TO GENERATE VMA. 
IT SHOWS THE WORST CASE POSSIBLY ATTAINABLE. 


Figure 37. RC68000 to R6500 Peripheral Timing Diagram — Worst Case 
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Table 10. Instruction Set Summary 


Mnemonic 


Description 


Mnemonic 

Description 

EOR 

Exclusive Or 

EXG 

Exchange Registers 

EXT 

Sign Extend 

JMP 

Jump 

JSR 

Jump to Subroutine 

LEA 

Load Effective Address 

LINK 

Link Stack 

LSL 

Logical Shift Left 

LSR 

Logical Shift Right 

MOVE 

Move 

MULS 

Signed Multiply 

MULU 

Unsigned Multiply 

NBCD 

Negate Decimal with Extend 

NEG 

Negate 

NOP 

No Operation 

NOT 

One’s Complement 

OR 

Logical Or 


Mnemonic 


Description 


ADBC 

ADD 

AND 

ASL 

ASR 


BCC 

BCHG 

BCLR 

BRA 

BSET 

BSR 

BIST 


CHK 


CLR 

CMP 


DBqc 

DIVS 

DIVU 


Add Decimal with Extend 
Add 

Logical And 
Arithmetic Shift Left 
Arithmetic Shift Right 


Branch Conditionally 
Bit Test and Change 
Bit Test and Clear 
Branch Always 
Bit Test and Set 
Branch to Subroutine 
Bit Test 


Check Register Against 
Bounds 
Clear Operand 
Compare 


Test Condition, Decrement and 
Branch 

Signed Divide 
Unsigned Divide 


PEA 


RESET 

ROL 

ROR 

ROXL 

ROXR 

RTE 

RTR 

RTS 


SBCD 

See 

STOP 

SUB 

SWAP 


TAS 

TRAP 

TRAPV 

TST 


Push Effective Address 


Reset External Devices 
Rotate Left without Extend 
Rotate Right without Extend 
Rotate Left with Extend 
Rotate Right with Extend 
Return from Exception 
Return and Restore 
Return from Subroutine 


Subtract Decimal with Extend 

Set Conditional 

Stop 

Subtract 

Swap Data Register Halves 


Test and Set Operand 
Trap 

Trap on Overflow 
Test 


UNLK 


Unlink 


Table 11. Variations of Instruction Types 


Instruction 

Type 

Variation 

Description 

Instruction 

Type 

Variation 

Description 

ADD 

ADD 

Add 

MOVE 

MOVE 

Move 


ADDA 

Add Address 


MOVEA 

Move Address 


ADDQ 

Add Quick 


MOVEM 

Move Multiple Registers 


ADDI 

Add Immediate 


MOVER 

Move Peripheral Data 


ADDX 

Add with Extend 


MOVEQ 

Move Quick 





MOVE from SR 

Move from Status Register 

AND 

AND 

Logical And 


MOVE to SR 

Move to Status Register 


ANDI 

And Immediate 


MOVE to CCR 

Move to Condition Codes 


ANDI to CCR 

And Immediate to 


MOVE USP 

Move User Stack Pointer 



Condition Codes 





ANDI to SR 

And Immediate to 

NEG 

NEG 

Negate 



Status Register 


NEGX 

Negate with Extend 

CMP 

CMP 

Compare 

OR 

OR 

Logical Or 


CMPA 

Compare Address 


ORI 

Or Immediate 


CMPM 

Compare Memory 


ORI to CCR 

Or Immediate to Condition Codes 


CMPI 

Compare Immediate 


ORI to SR 

Or Immediate to 






Status Register 

EOR 

EOR 

Exclusive Or 





EORI 

Exclusive Or Immediate 

SUB 

SUB 

Subtract 


EORI to CCR 

Exclusive Or Immediate 


SUBA 

Subtract Address 



to Condition Codes 


SUBI 

Subtract Immediate 


EORI to SR 

Exclusive Or Immediate 


SUBQ 

Subtract Quick 

1 


to Status Register 

I 

SUBX 

Subtract with Extend 
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The following paragraphs contain an overview of the form and 
structure of the R68000 instruction set. The instructions form 
a set of tools that include all the machine functions to perform 
the following operations: 

Data Movement 
Integer Arithmetic 
Logical 

Shift and Rotate 
Bit Manipulation 
Binary Coded Decimal 
Program Control 
System Control 

The complete range of instruction capabilities combined with 
the flexible addressing modes described previously provide a 
very flexible base for program development. 


ADDRESSING 

Instructions for the R68000 contain two kinds of information: the 
type of function to be performed, and the location of the 
operand(s) on which to perform that function. The methods used 
to locate (address) the operand(s) are explained in the follow- 
ing paragraphs. 

Instructions specify an operand location in one of three ways: 

Register Specification — the number of the register is given 
in the register field of the 
instruction. 

Effective Address — use of the different effective 
address modes. 

Implicit Reference — the definition of certain instructions 
implies the use of specific 
registers. 


DATA MOVEMENT OPERATIONS 

The move (MOVE) instruction provides a means for data acquisi- 
tion (transfer and storage). The move instruction and the effec- 
tive addressing modes allow both address and data manipula- 
tion. Data move instructions allow byte, word, and long word 
operands to be transferred from memory to memory, memory 
to register, register to memory, and register to register. Address 
move instructions allow word and long word operand transfers 
and ensure that only legal address manipulations are executed. 
In addition to the general move instruction there are several 
special data movement instructions: move multiple registers 
(MOVEM), move peripheral data (MOVER), exchange registers 
(EXG), load effective address (LEA), push effective address 
(PEA), link stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 12 summarizes the data movement operations. 


INTEGER ARITHMETIC OPERATIONS 

The arithmetic operators include the four basic operations of add 
(ADD), subtract (SUB), multiply (MUL), and divide (DIV) as well 
as arithmetic compare (CMP), clear (CLR), and negate (NEG). 
The add and subtract instructions are available for both address 
and data operations, and with data operations accepting all 


Table 12. Data Movement Operations 


Instruction 

Operand Size 

Operation 

EXG 

32 

Rx-«-Ry 

LEA 

32 

EA— An 

LINK 

- 

An -»► - (SP) 

SP -^An 

SP + displacement -►SP 

MOVE 

8, 16, 32 

s ->-d 

MOVEM 

16, 32 

(EA) — An, Dn 

An, Dn -►EA 

MOVER 

16, 32 

(EA) — Dn 

Dn — (EA) 

MOVEQ 

8 

#xxx -►Dn 

PEA 

32 

EA -► - (SP) 

SWAP 

32 

Dn[31:16]-M-Dn[15:01 

UNLK 

_ 

An -►Sp 
(SP) + — An 

NOTES: 

s = source - ( ) = indirect with predecrement 

d = destination ( )-i- = indirect with postdecrement 

[ ] = bit number # = immediate data 


operand sizes. Address operations are limited to legal address 
size operands (16 or 32 bits). Data, address, and memory com- 
pare operations are also available. The clear and negate instruc- 
tions may be used on all sizes of data operands. 

The multiply and divide operations are available for signed and 
unsigned operands using word multiply to produce a long word 
product, and a long word dividend with word divisor to produce 
a word quotient with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplished 
using a set of extended instructions. These instructions are: add 
Extended (ADDX), subtract extended (SUBX), sign extend (EXT), 
and negate binary with extend (NEGX). 

A text operand (TST) instruction that sets the condition codes 
as a result of a compare of the operand with zero is available. 
Test and set (TAS) is a synchronization instruction useful in 
multiprocessor systems. Table 13 summrizes the integer 
arithmetic operations. 

INSTRUCTION FORMAT 

Instructions, as shown in Figure 39, vary from one to five words 
in length. The first word of the instruction, called the operation 
word, specifies the length of the instruction and the operation 
to be performed. The remaining words further specify the 
operands. These words are either immediate operands or exten- 
sions to the effective address mode specified in the operation 
word. 
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Table 13. Integer Arithmetic Operations 


Instruction 

Operand Size 

Operation 

ADD 

8. 16. 32 

Dn -H (EA) -*-Dn 
(EA) + Dn -*-(EA) 

(EA) + #xxx -i-fEA) 


16, 32 

An + (EA) --An 

ADDX 

8, 16. 32 

Dx + Dy -h X -*-Dx 

16, 32 

-(Ax) + -(Ay) + X -*-(Ax) 

CLR 

8, 16, 32 

0 — EA 


8, 16, 32 

Dn - (EA) 

CMP 

16, 32 

(EA) - #xxx 
(Ax)-t- - (Ay)- 
An - (EA) 

DIVS 

32 -r 16 

Dn -r (EA) --Dn 

DIVU 

32 -r 16 

Dn -r (EA) -- Dn 

EXT 

8 -*-16 

(Dn)8 --Dn-ie 

16 -*-32 

(Dn)ie -*-Dn32 

MULS 

16 X 16 -*-32 

Dn X (EA) --Dn 

MULU 

16 X 16 -*-32 

Dn X (EA) -— Dn 

NEG 

8, 16, 32 

0 

1 

m 

> 

T 

m 

> 

NEGX 

8, 16, 32 

0 - (EA) - X — (EA) 

SUB 

8, 16, 32 

Dn - (EA) --Dn 
(EA) - Dn — (EA) 

(EA) - #xxx — (EA) 


16, 32 

An - (EA) --An 

SUBX 

8, 16, 32 

Dx - Dy - X -— Dx 
-(Ax) (Ay) - X --(Ax) 

TAS 

8 

[EA] - 0, 1 -i-EAf?] 

TST 

8, 16, 32 

(EA) - 0 

NOTES: 



[ ] = bit number 


-( ) = indirect with predecrement 

( ) - 1 - = indirect with postdecrement 

# = immediate data 



PROGRAM/DATA REFERENCES 

The R68000 separates memory references into two classes: pro- 
gram references, and data references. Program references 
reference that section of memory that contains the program 
being executed. Data references refer to that section of memory 
that contains data. Operand reads are from the data space, 
except in the case of the program counter relative addressing 
mode. All operand writes are to the data space. 

REGISTER SPECIFICATION 

The register field within an instruction specifies the register to 
be used. Other fields within the instruction specify whether the 
register selected is an address or data register and how the 
register is to be used. 

EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using 
the effective address field in the operation word. For example. 
Figure 40 shows the general format of the single effective 
address instruction operation word. The effective address is com- 
posed of two 3-bit fields: the mode field, and the register field. 
The value in the mode field selects the different address modes. 
The register field contains the number of a register. 

The effective address field may require additional information 
to fully specify the operand. This additional information, called 
the effective address extension, is contained in the following 
word or words and is considered part of the instruction, as shown 
in Figure 39. The effective address modes are grouped into three 
categories: register direct, memory addressing, and special. 

REGISTER DIRECT MODES. These effective addressing modes 
specify that the operand is in one of the 16 multifunction 
registers. 

Data Register Direct. The operand is in the data register 
specified by the effective address register field. 

Address Register Direct. The operand is in the address register 
specified by the effective address register field. 


MEMORY ADDRESS MODES. These effective addressing 
modes specify that the operand is in memory and provide the 
specific address of that operand. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OPERATION WORD 

(FIRST WORD SPECIFIES OPERATION AND MODES) 

IMMEDIATE OPERAND 

(IF ANY, ONE OR TWO WORDS) 

SOURCE EFFECTIVE ADDRESS EXTENSION 

(IF ANY, ONE OR TWO WORDS) 

DESTINATION EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 


Figure 39. Instruction Format 
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15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

EFFECTIVE ADDRESS 

MODE 1 REGISTER 














Figure 40. Single-Effective-Address Instruction Operation Word General Format 


Address Register indirect. The address of the operand is in 
the address register specified by the register field. The reference 
is classified as a data reference with the exception of the jump 
and jump to subroutine instructions. 

Address Register indirect With Postincrement. The address 
of the operand is in the address register specified by the register 
field. After the operand address Is used, it is incremented by 
one, two or four depending upon whether the size of the operand 
is byte, word, or long word. If the address register is the stack 
pointer and the operand size is byte, the address is incremented 
by two rather than one to keep the stack pointer on a word 
boundary. The reference classifies as a data reference. 

Address Register Indirect With Predecrement. The address 
of the operand is in the address register specified by the register 
field. Before the operand address is used, it is decremented by 
one, two, or four depending upon whether the operand size is 
byte, word, or long word. If the address register is the stack 
pointer and the operand size is byte, the address is decremented 
by two rather than one to keep the stack pointer on a word 
boundary. The reference is classified as a data reference. 

Address Register Indirect with Displacement. This address 
mode requires one word of extension. The address of the 
operand is the sum of the address in the address register and 
the sign-extended 16-bit displacement integer in the extension 
word. The reference classifies as a data reference with the 
exception of the jump to subroutine instructions. 

Address Register Indirect With Index. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the address register, the sign-extended 
displacement integer in the low order eight bits of the extension 
word, and the contents of the index register. The reference is 
classified as a data reference with the exception of the jump 
and jump to subroutine instructions. 

SPECIAL ADDRESS MODE. The special address modes use 
the effective address register field to specify the special address- 
ing mode instead of a register number. 

Absolute Short Address. This address mode requires one word 
of extension. The address of the operand is the extension word. 
The 16-bit address is sign extended before it is used. The 
reference classifies as a data reference with the exception of 
the jump and jump to subroutine instructions. 

Absolute Long Address. This address mode requires two words 
of extension. The address of the operand is developed by the 
concatenation of the extension words. The high-order part of 
the address is the first extension word; the low-order part of the 


address is the second extension word. The reference classifies 
as a data reference with the exception of the jump and jump 
to subroutine instructions. 

Program Counter With Displacement. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the program counter and the sign- 
extended 16-bit displacement integer in the extension word. The 
value in the program counter is the address of the extension 
word. The reference classifies as a program reference. 

Program Counter With index. This address mode requires one 
word of extension. This address sums the addresses in the pro- 
gram counter, the sign-extended displacement integer in the 
lower eight bits of the extension word, and the contents of the 
index register. The value in the program counter is the address 
of the extension word. This reference classifies as a program 
reference. 

Immediate Data. This address mode requires either one or two 
words of extension depending on the size of the operation. 
Byte Operation — operand is low order byte of exten- 
sion word 

Word Operation — operand is extension word 
Long Word Operation — operand is in the two extension 
words, high-order 16 bits are in the 
first extension word, low-order 16 
bits are in the second extension 
word. 

IMPLICIT REFERENCE 

Some instructions make implicit reference to the program 
counter (PC), the system stack pointer (SP), the supervisor stack 
pointer (SSP), the user stack pointer (USP), or the status register 
(SR). 

A selected set of instructions may reference the status register 
by means of the effective address field. These are; 

ANDI to CCR 
ANDI to SR 
EORI to CCR 
EORI to SR 
MOVE to CCR 
MOVE to SR 
MOVE from SR 
ORl to CCR 
ORI to SR 

EFFECTIVE ADDRESS ENCODING SUMMARY 

Table 14 summarizes the effective addressing modes discussed 
in the previous paragraphs. 
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Table 14. Effective Address Encoding Summary 


Addressing Mode 

Mode 

Register 

Data Register Direct 

000 

register number 

Address Register Direct 

001 

register number 

Address Register Indirect 

010 

register number 

Address Register Indirect with 
Postincrement 

oil 

register number 

Address Register Indirect with 
Predecrement 

100 

register number 

Address Register Indirect with 
Displacement 

101 

register number 

Address Register Indirect with 
Index 

110 

register number 

Absolute Short 

111 

000 

Absolute Long 

111 

001 

Program Counter with 
Displacement 

111 

010 

Program Counter with Index 

111 

oil 

Immediate 

111 

100 


SYSTEM STACK. The system stack is used implicitly by many 
instructions; user stacks and queues may be created and main- 
tained through the addressing modes. Address register seven 
(A7) is the system stack pointer (SP). The system stack pointer 
is either the supervisor stack pointer (SSP) or the user stack 
pointer (USP), depending on the state of the S-bit in the status 
register. If the S-bit indicates supervisor state (High), SSP is the 
active system stack pointer, and the USP cannot be referenced 
as an address register. If the S-bit indicates user state (Low), 
the USP is the active system stack pointer, and the SSP can- 
not be referenced. Each system stack fills from high memory 
to low memory. 

LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT are 
available for all sizes of integer data operands. A similar set of 
immediate instructions (ANDI, ORI, and EORI) provide these 
logical operations with all sizes of immediate data. Table 15 sum- 
marizes the logical operations. 

SHIFT AND ROTATE OPERATIONS 

Shift operations in both directions are provided by arithmetic 
instructions ASR and ASL and logical shift instructions LSR and 
LSL. The rotate instructions (with and without extend) available 
are ROXR, ROXL, ROR, and ROL. All shift and rotate opera- 
tions can be performed in either registers or memory. Register 
shifts and rotates support all operand sizes and allow a shift 
count specified in a data register. 


Table 15. Logical Operations 


Instruction 

— 

Operand Size 

Operation 

AND 

8, 16, 32 

DnA(EA) -►Dn 
(EA)ADn -*-(EA) 
(EA)A#xxx -*-(EA) 

OR 

8, 16, 32 

Dn i' (EA) -*-Dn 
(EA) Dn -^(EA) 

(EA) ^ #xxx -*-(EA) 

EOR 

8, 16, 32 

(EA) © Dy -^(EA) 

(EA) © #xxx -*-(EA) 

NOT 

8, 16, 32 

~ (EA) -i-(EA) 

NOTES: 

~ = invert r = logical OR 

# = immediate data © = logical exclusive OR 

A = logical AND 


Memory shifts and rotates are for word operands only and allow 
only sing'e-bit shifts or rotates. 

Table 16 summarizes the shift and rotate operations. 

BIT MANIPULATION OPERATIONS 

The following instructions provide bit manipulation operations: 
bit test (BTST), bit test and set (BSET), bit test and clear (BCLR), 
and bit test and change (BCHG). Table 1 7 is a summary of the 
bit manipulation operations. (Bit 2 of the status register is Z.) 


Table 16. Shift and Rotate Operations 


Instruction 


Operand 

Size 


Operation 


ASL 


8, 16, 32 


ASR 


8, 16, 32 




LSL 


8, 16, 32 




LSR 


8, 16, 32 


ROL 


8, 16, 32 


[c> 


ROR 


8, 16, 32 




ROXL 


8, 16, 32 






ROXR 


8, 16, 32 


kzhK; 
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Table 17. Bit Manipulation Operations 


Instruction 

Operand Size 

Operation 

BTST 

8, 32 

~ bit of (EA) -*-Z 

BSET 

8, 32 

~ bit of (EA) -*-Z 

1 -»-bit of EA 

BCLR 

8, 32 

~ bit of (EA) -^Z 

0 -►bit of EA 

BCHG 

8, 32 

~ bit of (EA) -►Z 
~ bit of (EA) -►bit of EA 

NOTE: ~ = invert 


BINARY CODED DECIMAL OPERATIONS 

The following instructions accomplish multiprecision arithmetic 
operations on binary coded decimal numbers: add decimal with 
extend (ABCD), subtract decimal with extend (SBCD), and 
negate decimal with extend (NBCD). Table 18 summarizes the 
binary coded decimal operations. 

PROGRAM CONTROL OPERATIONS 

Program control operations implementation requires a series of 
conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 19. 

The conditional instructions provide setting and branching for 
the following conditions; 

CC — carry clear 
CS — carry set 
EQ — equal 
F — never true 
GE — greater or equal 
GT — greater than 
HI —high 
LE — less or equal 
LS — low or same 
LT — less than 
Ml — minus 
NE — not equal 
PL — plus 
T — always true 
VC — no overflow 
VS — overflow 


Table 18. Binary Coded Decimal Operations 


Instruction 

Operand Size 

Operation 

ABCD 

8 

Dxio + Dyio + X -»-Dx 

-(Ax)io + -(Ay)io + X -*-(Ax) 

SBCD 

8 

Dx-io - Dy-io - X -►Dx 
-(Ax)io - -(Ay)i 0 - X -^(Ax) 

NBCD 

8 

0 - (EA)io - X -►(EA) 

NOTE: -( 

) = indirect with predecrement 


Table 19. Program Control Operations 


Instruction 

Operation 

Conditional 

BCC 

Branch conditionally (14 conditions) 

8- and 16-bit displacement 

DBqc 

Test condition, decrement, branch 

16-bit displacement 

See 

Set byte conditionally (16 conditions) 

Unconditional 

BRA 

Branch always 

8- and 16-bit displacement 

BSR 

Branch to subroutine 

8- and 16-bit displacement 

JMP 

Jump 

JSR 

Jump to subroutine 

Returns 

RTR 

Return and restore condition codes 

RTS 

Return from subroutine 

1 


SYSTEM CONTROL OPERATIONS 

System control operations are accomplished by using privileged 
instructions, trap generating instructions, and instructions that 
use or modify the status register. These instructions are sum- 
marized in Table 20. 

INSTRUCTION SET 

The following paragraphs provide information about the address- 
ing categories and instruction set of the R68000. 

ADDRESSING CATEGORIES 

Effective address modes may be categorized by the ways in 
which they may be used. The following classifications will be 
used in the instructions definitions. 

Data If an effective address mode may be used to refer 
to data operands, it is considered a data addressing 
effective address mode. 

Memory If an effective address mode may be used to refer 
to memory operands, it is considered a memory 
addressing effective address mode. 

Alterable If an effective address mode may be used to refer 
to alterable (writeable) operands, it is considered an 
alterable addressing effective address mode. 
Control If an effective address mode may be used to refer 
to memory operands without an associated size, it 
is considered control addressing effective address 
mode. 

Table 21 shows the various categories to which each of the effec- 
tive address modes belong. Table 22 is the instruction set 
summary. 
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Table 20. System Control Operations 


Instruction 

Operation 

Privileged 

ANDI to SR 

EORI to SR 

MOVE EA to SR 
MOVE USP 

ORI to SR 

RESET 

RTE 

STOP 

Logical AND to Status Register 

Logical EOR to Status Register 

Load New Status Register 

Move User Stack Pointer 

Logical OR to Status Register 

Reset External Devices 

Return from Exception 

Stop Program Execution 

Trap Generating 
CHK 

TRAP 

TRAPV 

Check Data Register Against Upper Bounds 
Trap 

Trap on Overflow 

Status Register 

ANDI to OCR 

EORI to OCR 
MOVE EA to OCR 
MOVE SR to EA 
ORI to OCR 

Logical AND to Condition Codes 

Logical EOR to Condition Codes 

Load New Condition Codes 

Store Status Register 

Logical OR to Condition Codes 


The status register addressing mode is not permitted unless it 
is explicitly mentioned as a legal addressing mode. 

These categories may be combined, so that additional, more 
restrictive, classifications may be defined. For example, the 
instruction descriptions use such classifications as alterable 
memory or data alterable. The former refers to those address- 
ing modes which are both alterable and memory addresses, and 
the latter refers to addressing modes which are both data and 
alterable. 


INSTRUCTION PREFETCH 

The R68000 uses a two-word tightly-coupled instruction prefetch 
mechanism to enhance performance. This mechanism is 
described in terms of the microcode operations involved. If the 
execution of an instruction is defined to begin when the 
microroutine for that instruction is entered, some features of the 
prefetch mechanism can be described. 

1) When execution of an instruction begins, the operation word 
and the word following have already been fetched. The opera- 
tion word is in the instruction decoder. 

2) In the case of multi-word instructions, as each additional word 
of the instruction is used internally, a fetch is made to the 
Instruction stream to replace it. 

3) The last fetch from the instruction stream is made when the 
operation word is discarded and decoding is started on the 
next instruction. 

4) If the instruction is a single-word instruction causing a branch, 
the second word is not used. But because this word is fetched 
by the preceding instruction, it is impossible to avoid this 
superfluous fetch. 

5) In the case of an interrupt or trace exception, both words are 
not used. 

6) The program counter usually points to the last word fetched 
from the instruction stream. 


INSTRUCTION EXECUTION TIMES 

The following paragraphs contain listings of the instruction 
execution times in terms of external clock (CLK) periods. In this 
timing data, it is assumed that both memory read and write cycle 
times are four clock periods. Any wait states caused by a longer 
memory cycle must be added to the total instruction time. The 
number of bus read and write cycles for each instruction is 
enclosed in parenthesis following the execution periods and is 
shown as (r/w) where r is the number of read cycles and w is 
the number of write cycles. 


Table 21. Effective Addressing Mode Categories 


Effective 

Address 

Modes 

Mode 

Register 

Addressing Categories 

Data 

Memory 

Control 

Alterable 

Dn 

000 

Register Number 

X 

_ 

_ 

X 

An 

001 

Register Number 

— 

— 

— 

X 

(An) 

010 

Register Number 

X 

X 

X 

X 

(An)-h 

oil 

Register Number 

X 

X 

_ 

X 

-(An) 

100 

Register Number 

X 

X 

— 

X 

d(An) 

101 

Register Number 

X 

X 

X 

X 

d(An, ix) 

110 

Register Number 

X 

X 

X 

X 

xxx.W 

111 

000 

X 

X 

X 

X 

xxx.L 

111 

001 

X 

X 

X 

X 

d(PC) 

111 

010 

X 

X 

X 

_ 

d(PC, ix) 

111 

oil 

X 

X 

X 

— 

#xxx 

111 

X 

^ 1 

X 

— 

— 
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Table 22. Instruction Set 


Mnemonic 

Description 

Operation 

Condition Codes 

X 

N 

z 

V 

c 

ABCD 

Add Decimal with Extend 

(Destination)iO + (Source)io + X -♦►Destination 

* 

u 

* 

u 

* 

ADD 

Add Binary 

(Destination) + (Source) -►Destination 

* 

* 

* 

* 

* 

ADDA 

Add Address 

(Destination) + (Source) -►Destination 

- 

- 

- 

- 

- 

ADDI 

Add Immediate 

(Destination) + Immediate Data -►Destination 

* 

* 

* 

* 

* 

ADDQ 

Add Quick 

(Destination) + Immediate Data -►Destination 

* 

* 

* 

* 

• 

ADDX 

Add Extended 

(Destination) + (Source) + X -►Destination 

* 

* 

* 

* 

* 

AND 

AND Logical 

(Destination) A (Source) ► Destination 

- 

* 

* 

0 

0 

ANDl 

AND Immediate 

(Destination) A Immediate Data -►Destination 

- 

* 

* 

0 

0 

ANDI to CCR 

AND Immediate to Condition Codes 

(Source) A CCR -►CCR 

* 

* 

* 

* 

* 

ANDl to SR 

AND Immediate to Status Register 

(Source) A SR -►SR 

* 

* 

* 

* 

* 

ASL, ASR 

Arithmetic Shift 

(Destination) Shifted by < count > -►Destination 

* 

* 

* 

* 

* 

BCC 

Branch Conditionally 

If CC PC d -► PC 

- 

- 

- 

- 

- 

BCHG 

Test a Bit and Change 

~ (<bit number>) OF Destination -*-Z 
~ (<bit number >) OF Destination -► 

<bit number > OF Destination 

- 

- 

* 

- 

- 

BCLR 

Test a Bit and Clear 

~ (<bit number>) OF Destination -►Z 

0 -►<bit number > -►OF Destination 

- 

- 

* 

- 

- 

BRA 

Branch Always 

PC -H d -►PC 

- 

- 

— 

- 

- 

BSET 

Test a Bit and Set 

~ (<bit number>) OF Destination -►! 

1 -►< bit number > OF Destination 

- 

- 

* 

- 

- 

BSR 

Branch to Subroutine 

PC -►(SP); PC -f d -►PC 

- 

- 

- 

- 

- 

BTST 

Test a Bit 

~ (<bit number >) OF Destination -►! 

- 

- 

* 


- 

CHK 

Check Register Against Bounds 

If Dn <0 or Dn> (<ea>) then TRAP 

- 

* 

u 

V' 

u 

CLR 

Clear and Operand 

0 -►Destination 

- 

0 

1 

0 

0 

CMP 

Compare 

(Destination) - (Source) 

- 

* 

* 

* 

* 

CM PA 

Compare Address 

(Destination) - (Source) 


* 


* 

* 

CMPI 

Compare Immediate 

(Destination) - Immediate Data 

- 

* 

* 

* 

* 

CMPM 

Compare Memory 

(Destination) - (Source) 


* 

* 

* 

* 

DBcc 

Test Condition, Decrement and Branch 

If ~ CC Dn - 1 -►Dn; if Dn - i then PC -f- d ->-PC 

- 

Zj 

- 

- 

- 

DIVS 

Signed Divide 

(Destinatlon)/(Source) -►Destination 

- 

1 

* 

* 

0 

DIVU 

Unsigned Divide 

(Destination)/(Source) -►Destination 

- 



* 

0 

EOR 

Exclusive OR Logical 

(Destination) © (Source) -►Destination 

- 



0 

0 

EORI 

Exclusive OR Immediate 

(Destination) © Immediate Data -►Destination 

- 

* 

* 

0 

0 

EORI to CCR 

Exclusive OR Immediate 
to Condition Codes 

(Source) © CCR ►CCR 

* 

* 

* 

* 

* 

NOTES: 

A = logical AND * = affected 

u = logical OR — = unaffected 

© = logical exclusive OR 0 = cleared 

~ = logical complement 1 = set 

U = undefined 
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Table 22. Instruction Set (Continued) 


Mnemonic 

Description 

Operation 

Condition Codes 

X 

N 

z 

V 

c 

EORI to SR 

Exclusive OR Immediate 
to Status Register 

(Source) © SR -►SR 

* 

* 

* 

* 

* 

EXG 

Exchange Register 

Rx-*+-Ry 

- 

- 

- 

- 

- 

EXT 

Sign Extend 

(Destination) Sign-Extended -► Destination 

- 

* 

* 

0 

0 

JMP 

Jump 

Destination -►PC 

- 

- 

- 

- 

- 

JSR 

Jump to Subroutine 

PC -► - (SP): Destination -► PC 

- 

- 

- 

- 

- 

LEA 

Load Effective Address 

<ea> -►An 

- 

- 

- 

- 

- 

LINK 

Link and Allocate 

An -►(SP): SP -►An; SP + Displacement -►SP 

- 

- 

- 

- 

- 

LSL, LSR 

Logical Shift 

(Destination) Shifted by < count > -►Destination 

• 

* 

* 

0 

* 

MOVE 

Move Data from Source to Destination 

(Source) -►Destination 

- 

* 

* 

0 

0 

MOVE to COR 

Move to Condition Code 

(Source) -►CCR 

* 

* 

* 

* 

* 

MOVE to SR 

Move to the Status Register 

(Source) -►SR 

* 

* 

* 

* 

* 

MOVE from SR 

Move from the Status Register 

SR -►Destination 

- 

- 

- 

- 

- 

MOVE USP 

Move User Stack Pointer 

USP -►An; An -►USP 

- 

- 

- 

- 

- 

MOVEA 

Move Address 

(Source) -►Destination 

- 

- 

- 

- 

- 

MOVEM 

Move Multiple Registers 

Register -►Destination 
(Source) -►Registers 

- 

- 

- 

- 

- 

MOVEP 

Move Peripheral Data 

(Source) -►Destination 

- 

- 

- 

- 

- 

MOVEQ 

Move Quick 

Immediate Data -►Destination 

- 

* 

* 

0 

0 

MULS 

Signed Multiply 

(Destination)X(Source) -► Destination 

- 

* 

* 

0 

0 

MULU 

Unsigned Multiply 

(Destination)X(Source) -► Destination 

- 

* 

* 

0 

0 

NBCD 

Negate Decimal with Extend 

0 - (Destination)io - X -►Destination 

* 

U 

* 

u 

* 

NEG j 

Negate 

0 - (Destination) -►Destination 

* 

* 

* 

* 

* 

NEGX 

Negate with Extend 

0 - (Destination) - X -►Destination 

* 


* 

* 

* 

NOP 

No Operation 

- 

- 

- 

— 

- 

- 

NOT 

Logical Complement 

~ (Destination) -►Destination 

- 

* 

* 

0 

0 

OR 

Inclusive OR Logical 

(Destination) y (Source) -►Destination 

- 

* 

* 

0 

0 

ORI 

Inclusive OR Immediate 

(Destination) v Immediate Data -►Destination 

- 

* 

* 

0 

0 

ORI to OCR 

Inclusive OR Immediate 
to Condition Codes 

(Source) v CCR -►CCR 

* 

* 

* 

* 

* 

ORI to SR 

Inclusive OR Immediate 
to Status Register 

(Source) r SR -►SR 

* 

* 

* 

* 

* 

PEA 

Push Effective Address 

<ea> -►- (SP) 

- 

- 

- 

- 

- 

RESET 

Reset External Device 

— 

— 

- 

- 

- 

-- 

ROL, ROR 

Rotate (Without Extend) 

(Destination) Rotated by < count > -►Destination 

- 

* 

* 

0 

* 

NOTES: 

A = logical AND * = affected 

u = logical OR — = unaffected 

© = logical exclusive OR 0 = cleared 

~ = logical complement 1 = set 

U = undefined 
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Table 22. Instruction Set (Continued) 


Mnemonic 

Description 

Operation 

Condition Codes 

X 

N 

Z 

V 

c 

ROXL, ROXR 

Rotate with Extend 

(Destination) Rotated by <count> -^-Destination 

* 

* 

* 

0 

* 

RTE 

Return from Exception 

(SP) + -►SR; (SP) + -►PC 

* 


* 

* 

* 

RTR 

Return and Restore Oondition Oodes 

(SP) -f- -►CC; (SP) -t- -►PC 

* 

* 

* 

* 

* 

RTS 

Return from Subroutine 

(SP) + -►PC 

- 

- 

- 

- 

- 

SBCD 

Subtract Decimal with Extend 

(Destination)io - (Source)io - X ►Destination 

* 


* 

u 

* 

See 

Set According to Condition 

If CC then 1’s ►Destination else O’s -►Destination 

- 


- 

- 

- 

STOP 

Load Status Register and Stop 

Immediate Data ►SR; STOP 

* 

* 

* 

* 

* 

SUB 

Subtract Binary 

(Destination) - (Source) ►Destination 

* 

* 

* 

* 

* 

SUBA 

Subtract Address 

(Destination) - (Source) ►Destination 

- 

- 

- 

- 

- 

SUBI 

Subtract Immediate 

(Destination) - Immediate Data ►Destination 

* 

* 

* 

* 

* 

SUBQ 

Subtract Quick 

(Destination) - Immediate Data ►Destination 

* 

* 

* 


* 

SUBX 

Subtract with Extend 

(Destination) - (Source) - X ►Destination 

* 

* 

* 

* 

* 

SWAP 

Swap Register Halves 

Register [31:161-^Register [15:0] 

— 

* 

* 

0 

0 

TAS 

Test and Set an Operand 

(Destination) Tested -*-CC; 1 -*-[7] OF Destination 

- 

* 

* 

0 

0 

TRAP 

Trap 

PC ►- (SSP); SR ► - (SSP); (Vector) ►PC 

- 

- 

- 

- 

- 

TRAPV 

Trap on Overflow 

If r then TRAP 

- 

- 

- 

- 

- 

TST 

Test and Operand 

(Destination) Tested ►CC 

- 

* 

* 

0 

0 

UNLK 

Unlink 

1 

An ►SP; (SP) -h ►An 

- 

- 

- 

31 

- 

NOTES: 

[ ] = bit number * = affected 

A = logical AND — = unaffected 

V = logical OR 0 = cleared 

® = logical exclusive OR 1 = set 

~ = logical complement U = undefined 


Note 

The number of periods includes instruction fetch and all 
applicable operand fetches and stores. 

EFFECTIVE ADDRESS OPERAND 
CALCULATION TIMING 

Table 23 lists the number of clock periods required to compute 
an instruction’s effective address. It includes fetching of any 
extension words, the address computation, and fetching of the 
memory operand. The number of bus read and write cycles is 
shown in parenthesis as (r/w). Note there are no write cycles 
involved in processing the effective address. 

MOVE INSTRUCTION CLOCK PERIODS 

Tables 24 and 25 indicate the number of clock periods for the 
move instruction. This data includes instruction fetch, operand 
reads, and operand writes. The number of bus read and write 
cycles is shown in parenthesis as (r/w). 


STANDARD INSTRUCTION CLOCK PERIODS 

The number of clock periods shown in Table 26 delineate the 
time required to perform the operations, store the results, and 
read the next instruction. The number of bus read and write 
cycles is shown in parenthesis as (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 

In Table 26, the headings have the following meanings; 
An = address register operand, Dn = data register operand, 
ea = an operand specified by an effective address, and 
M = memory effective address operand. 

IMMEDIATE INSTRUCTION CLOCK PERIODS 

The number of clock periods shown in Table 27 includes the 
time to fetch immediate operands, perform the operations, store 
the results, and read the next operation. The number of bus read 
and write cycles is shown in parenthesis as (r/w). The number 
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Table 23. Effective Address Calculation Timing 



Addressing Mode 

Byte, Word 

Long 

Dn 

Register 

Data Register Direct 

0(0/0) 

0(0/0) 

An 

Address Register Direct 

0(0/0) 

0(0/6) 

(An) 

Memory 

Address Register Indirect 

4(1/0) 

8(2/0) 

(An)-^ 

Address Register Indirect with Postincrement 

4(1/0) 

8(2/0) 

-(An) 

Address Register Indirect with Predecrement 

6(1/0) 

10(2/0) 

d(An) 

Address Register Indirect with Displacement 

8(2/0) 

12(3/0) 

d(An, ix)* 

Address Register Indirect with Index 

10(2/0) 

14(3/0) 

XXX. W 

Absolute Short 

8(2/0) 

12(3/0) 

XXX. L 

Absolute Long 

12(3/0) 

16(4/0) 

d(PC) 

Program Counter with Displacement 

8(2/0) 

12(3/0) 

d(PC, ix)* 

Program Counter with Index 

10(2/0) 

14(3/0) 

#xxx 

Immediate 

4(1/0) 

8(2/0) 

*The size of the index register (ix) does not affect execution time. 




Table 24. Move Byte and Word Instruction Clock Periods 



Destination 

Source 

Dn 

An 

(An) 

(An) + 

-(An) 

d(An) 

d(An, ix)* 

xxx.W 

xxx.L 

Dn 

4(1/0) 

4(1/0) 

8(1/1) 

8(1/1) 

8(1/1) 

12(2/1) 

14(2/1) 

12(2/1) 

16(3/1) 

An 

4(1/0) 

4(1/0) 

8(1/1) 

8(1/1) 

8(1/13 

12(2/1) 

14(2/1) 

12(2/1) 

16(3/1) 

(An) 

8(2/0) 

8(2/0) 

12(2/1) 

12(2/1) 

12(2/1) 

16(3/1) 

18(3/1) 

16(3/1) 

20(4/1) 

(An) + 

8(2/0) 

8(2/0) 

12(2/1) 

12(2/1) 

12(2/1) 

16(3/1) 

18(3/1) 

16(3/1) 

20(4/1) 

-(An) 

10(2/0) 

10(2/0) 

14(2/1) 

14(2/1) 

14(2/1) 

18(3/1) 

20(3/1) 

18(3/1) 

22(4/1) 

d(An) 

12(3/0) 

12(3/0) 

16(3/1) 

16(3/1) 

16(3/1) 

20(4/1) 

22(4/1) 

20(4/1) 

24(5/1) 

d(An, ix)* 

14(3/0) 

14(3/0) 

18(3/1) 

18(3/1) 

18(3/1) 

22(4/1) 

24(4/1) 

22(4/1) 

26(5/1) 

xxx.W 

12(3/0) 

12(3/0) 

16(3/1) 

16(3/1) 

16(3/1) 

20(4/1) 

22(4/1) 

20(4/1) 

24(5/1) 

XXX. L 

16(4/0) 

16(4/0) 

20(4/1) 

20(4/1) 

20(4/1) 

24(5/1) 

26(5/1) 

24(5/1) 

28(6/1) 

d(PC) 

12(3/0) 

12(3/0) 

16(3/1) 

16(3/1) 

16(3/1) 

20(4/1) 

22(4/1) 

20(4/1) 

24(5/1) 

d(PC, ix)* 

14(3/0) 

14(3/0) 

18(3/1) 

18(3/1) 

18(3/1) 

22(4/1) 

24(4/1) , 

22(4/1) 

26(5/1) 

#xxx 

8(2/0) 

8(2/0) 

12(2/1) 

12(2/1) 

12(2/1) 

16(3/1) 

18(3/1) 

16(3/1) 

20(4/1) 


*The size of the index register (ix) does not affect execution time. 


of clock periods and the number of read and write cycles must 
be added respectively to those of the effective adress calcula- 
tion where indicated. 

In Table 27, the headings have the following meanings: 
# = immediate operand, Dn = data register operand, 
An = address register operand, M = memory operand, and 
SR = status register. 


SINGLE OPERAND INSTRUCTION CLOCK PERIODS 

Table 28 indicates the number of clock periods for the single 
operand instructions. The number of bus read and write cycles 
is shown in parenthesis as (r/w). The number of clock periods 
and the number of read and write cycles must be added respec- 
tively to those of the effective address calculation where 
indicated. 
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Table 25. Move Long Instruction Clock Periods 


— 

Destination 

Source 

Dn 

An 

(An) 

{An) + 

-(An) 

d(An) 

d(An, ix)* 

xxx.W 

xxx.L 

Dn 

4(1/0) 

4(1/0) 

12(1/2) 

12(1/2) 

12(1/2) 

16(2/2) 

18(2/2) 

16(2/2) 

20(3/2) 

An 

4(1/0) 

4(1/0) 

12(1/2) 

12(1/2) 

12(1/2) 

16(2/2) 

18(2/2) 

16(2/2) 

20(3/2) 

(An) 

12(3/0) 

12(3/0) 

20(3/2) 

20(3/2) 

20(3/2) 

24(4/2) 

26(4/2) 

24(4/2) 

28(5/2) 

(An) + 

12(3/0) 

12(3/0) 

20(3/2) 

20(3/2) 

20(3/2) 

24(4/2) 

26(4/2) 

24(4/2) 

28(5/2) 

-(An) 

14(3/0) 

14(3/0) 

22(3/2) 

22(3/2) 

22(3/2) 

26(4/2) 

28(4/2) 

26(4/2) 

30(5/2) 

d(An) 

16(4/0) 

16(4/0) 

24(4/2) 

24(4/2) 

24(4/2) 

28(5/2) 

30(5/2) 

28(5/2) 

32(6/2) 

d(An, lx)* 

18(4/0) 

18(4/0) 

26(4/2) 

26(4/2) 

26(4/2) 

30(5/2) 

32(5/2) 

30(5/2) 

34(6/2) 

xxx.W 

16(4/0) 

16(4/0) 

24(4/2) 

24(4/2) 

24(4/2) 

28(5/2) 

30(5/2) 

28(5/2) 

32(6/2) 

XXX. L 

20(5/0) 

20(5/0) 

28(5/2) 

28(5/2) 

28(5/2) 

32(6/2) 

34(6/2) 

32(6/2) 

36(7/2) 

d(PC) 

16(4/0) 

16(4/0) 

24(4/2) 

24(4/2) 

24(4/2) 

28(5/2) 

30(5/2) 

28(5/2) 

32(5/2) 

d(PC, ix)* 

18(4/0) 

18(4/0) 

26(4/2) 

26(4/2) 

26(4/2) 

30(5/2) 

32(5/2) 

30(5/2) 

34(6/2) 

#xxx 

12(3/0) 

12(3/0) 

20(3/2) 

20(3/2) 

20(3/2) 

24(4/2) 

26(4/2) 

24(4/2) 

28(5/2) 


*The size of the index register (ix) does not affect execution time. 


Table 26. Standard Instruction Clock Periods 


Instruction 

Size 

op<ea>, Ant 

op<ea>, Dn 

op Dn, <IVI> 

ADD 

Byte, Word 

8(1/0) + 

4(1/0) + 

8(1/1) + 

Long 

6(1/0)+** 

6(1/0)+** 

12(1/2) + 

AND 

Byte, Word 

_ 

4(1/0) + 

8(1/1) + 

Long 

— 

6(1/0)+** 

12(1/2) + 

CMP 

Byte, Word 

6(1/0) + 

4(1/0) + 

— 

Long 

6(1/0) + 

6(1/0) + 

— 

DIVS 

- 

— 

158(1/0)+* 

- 

DIVU 

— 

— 

140(1/0)+* 

— 

EOR 

Byte, Word 

— 

4(1/0)*** 

8(1/1) + 

Long 

— 

8(1/0)*** 

12(1/2) + 

MULS 

— 

— 

70(1/0)+* 

- 

MULU 

— 

— 

70(1/0)+* 

- 

OR 

Byte, Word 

— 

4(1/0) + 

8(1/1) + 

Long 

— 

6(1/0)+** 

12(1/2) + 

SUB 

Byte, Word 

8(1/0) + 

4(1/0) + 

8(1/1) + 

Long 

6(1/0)+** 

6(1/0)+** 

12(1/2) + 


NOTES: 

+ add effective address calculation time 
t word or long only 
* indicates maximum value 

** The base time of six clock periods is increased to eight if the effective address mode is register direct or immediate (effective address time 
should also be added). 

* * * Only available effective address mode is data register direct 

DIVS, DIVU The divide algorithm used by the R68000 provides less than 10% difference between the best and worst case timings. 

MULS, MULU The multiply algorithm requires 38 2n clocks where n is defined as: 

MULL): n = the number of ones in each <ea> 

MULU; n = concatanate the <ea> with a zero as the LSB;n is the resultant number of 10 or 01 patterns in the 17-bit source; i.e., worst 
case happens when the source is $5555. 
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Table 27. Immediate Instruction Clock Periods 


Instruction 

Size 

op #, Dn 

Anni 

Byte, Word 

8(2/0) 

ML/UI 

Long 

16(3/0) 

ADDQ 

Byte, Word 

4(1/0) 


Long 

8(1/0) 


Byte, Word 

8(2/0) 

ANDI 

Long 

16(3/0) 

CMPI 

Byte, Word 

8(2/0) 


Long 

14(3/0) 


Byte, Word 

8(2/0) 

tUnl 

Long 

16(3/0) 

MOVEQ 

Long 

4(1/0) 

nni 

Byte, Word 

8(2/0) 

vJnl 

Long 

16(3/0) 

SUBI 

Byte, Word 

8(2/0) 


Long 

16(3/0) 

Ql IRO 

Byte, Word 

4(1/0) 

oUDVJ 

Long 

8(1/0) 


8(2/0) -h 

12(3/0)4- 


+ add effective address calculation time 
‘ word only 


Table 28. Single Operand Instruction Clock Periods 


instruction 

Size 

Register 

Memory 

PI P 

Byte, Word 

4(1/0) 

8(1/1)4- 

L/Ln 

Long 

6(1/0) 

12(1/2)4- 

NBCD 

Byte 

6(1/0) 

8(1/1) + 

MPP 

Byte, Word 

4(1/0) 

8(1/1) + 

In izo 

Long 

6(1/0) 

12(1/2) + 

MPPY 

Byte, Word 

4(1/0) 

8(1/1) + 

InCoA 

Long 

6(1/0) 

12(1/2) + 

MOT 

Byte, Word 

4(1/0) 

8(1/1) + 

InU I 

Long 

6(1/0) 

12(1/2) + 


Byte, False 

4(1/0) 

8(1/1) + 

See 

Byte, True 

6(1/0) 

8(1/1) + 

TAS 

Byte 

4(1/0) 

10(1/1) + 

tqt 

Byte, Word 

4(1/0) 

4(1/0) + 

1 O 1 

Long 

4(1/0) 

4(1/0) + 


4- add effective address calculation time 
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SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 

Table 29 delineates the number of clock periods for the shift 
and rotate instructions. The number of bus read and write cycles 
is shown in parenthesis as: (r/w). The number of clock periods 
and the number of read and write cycles must be added respec- 
tively to those of the effective address calculation where 
indicated. 

BIT MANIPULATION INSTRUCTION CLOCK PERIODS 

Table 30 indicates the number of clock periods required for the 
bit manipulation instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 


CONDITIONAL INSTRUCTION CLOCK PERIODS 

Table 31 delineates the number of clock periods required for 
the conditional instructions. The number of bus read and write 
cycles is indicated in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 

JMP, JSR, LEA, PWA, MOVEM INSTRUCTION CLOCK 
PERIODS 

Table 32 indicates the number of clock periods required for the 
jump, jump to subroutine, load effective address, push effec- 
tive address, and move multiple registers instructions. The 
number of bus read and write cycles is shown in parenthesis 
as: (r/w). 


Table 29. Shift/Rotate Instruction Clock Periods 


instruction 

Size 

Register 

Memory 

ASR, ASL 

Byte, Word 

6 + 2n(1/0) 

8(1/1) + 

Long 

8 + 2n(1/0) 

— 

LSR, LSL 

Byte, Word 

6 + 2n(1/0) 

8(1/1) + 

Long 

8 + 2n(1/0) 

— 

ROR, ROL 

Byte, Word 

6 + 2n(1/0) 

8(1/1) + 

Long 

8 + 2n(1/0) 

— 

ROXR, ROXL 

Byte, Word 

6 + 2n(1/0) 

8(1/1) + 

Long 

8 + 2n(1/0) 

— 

+ add effective address calculation time 
n is shift or rotate count 


Table 30. Bit Manipulation Instruction Clock Periods 


Instruction 

Size 

Dynamic 

Static 

Register 

Memory 

Register 

Memory 

BCHG 

Byte 

_ 

8(1/1) + 

_ 

12(2/1) + 

Long 

8(1/0)* 

— 

12(2/0)* 

— 

BCLR 

Byte 

— 

8(1/1) + 

— 

12(2/1) + 

Long 

10(1/0)* 

— 

14(2/0)* 

— 

BSET 

Byte 

_ 

8(1/1) + 

— 

12(2/1) + 

Long 

8(1/0)* 

— 

12(2/0)* 

— 

BTST 

Byte 

— 

4(1/0) + 

— 

8(2/0) + 

Long 

6(1/0) 

— 

10(2/0) 

— 

+ add effective address calculation time 
* indicates maximum value 
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Table 31. Conditional Instruction Clock Periods 


Instruction 

Displacement 

Branch Taken 

Branch Not Taken 

BCC 

Byte 

10(2/0) 

8(1/0) 

Word 

10(2/0) 

12(2/0) 

BRA 

Byte 

10(2/0) 



Word 

10(2/0) 

— 

BSR 

Byte 

18(2/2) 



Word 

18(2/2) 

— 

DBcc 

CC true 

_ 

12(2/0) 

CC false 

10(2/0) 

14(3/0) 


Table 32. JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK PERIODS 


Instr 

Size 

(An) 

(An) + 

-(An) 

d(An) 

d(An, ix)* + 

xxx.W 

XXX. L 

d(PC) 

d(PC, ix)* 

JMP 

— 

8(2/0) 

— 

— 

10(2/0) 

14(3/0) 

10(2/0) 

12(3/0) 

10(2/0) 

14(3/0) 

JSR 

— 

16(2/2) 

— 

— 

18(2/2) 

22(2/2) 

18(2/2) 

20(3/2) 

18(2/2) 

22(2/2) 

LEA 

— 

4(1/0) 

— 

— 

8(2/0) 

12(2/0) 

8(2/0) 

12(3/0) 

8(2/0) 

12(2/0) 

PEA 

- 

12(1/2) 

- 

- 

16(2/2) 

20(2/2) 

16(2/2) 

20(3/2) 

16(2/2) 

20(2/2) 

MOVEM 

Word 

12 + 4n 

(3 + n/0) 

12 + 4n 

(3 + n/0) 


16 + 4n 
(4 + n/0) 

18 +4n 
(4 + n/0) 

16 + 4n 
(4 + n/0) 

20 + 4n 

(5 + n/0) 

16 + 4n 

(4 + n/0) 

18 + 4n 

(4 + n/0) 

M - R 

Long 

12 + 8n 

(3 + 2n/0) 

12 + 8n 

(3 + 2n/0) 

- 

16 + 8n 
(4 + 2n/0) 

18 + 8n 
(4 + 2n/0) 

16 + 8n 
(4 + 2n/0) 

20 + 8n 

(5 + 2n/0) 

16 + 8n 
(4 + 2n/0) 

18 + 8n 

(4 + 2n/0) 

MOVEM 

Word 

8 + 4n 

(2/n) 

- 

8 + 4n 

(2/n) 

12 + 4n 
(3/n) 

14 + 4n 
(3/n) 

12 + 4n 
(3/n) 

16 + 4n 

(4/n) 

- 

- 

R - M 

Long 

8 + 8n 

_ 

8 + 8n 

12 + 8n 

14 + 8n 

12 + 8n 

16 + 8n 

_ 

— 


(2/2n) 


(2/2n) 

(3/2n) 

(3/2n) 

(3/2n) 

(4/2n) 




n is the number of registers to move 

* The size of the index register (ix) does not affect the instruction’s execution time 



Table 33. Multi-Precision Instruction Clock Periods 


MULTI-PRECISION INSTRUCTION CLOCK PERIODS 

Table 33 delineates the number of clock periods for the multi- 
precision instructions. The number of clock periods includes the 
time to fetch both operands, perform the operations, store the 
results, and read the next instructions. The number of read and 
write cycles is shown in parenthesis as: (r/w). 

In Table 33, the headings have the following meanings: Dn = data 
register operand and M = memory operand. 


Instruction 

Size 

op Dn, Dn 

op M, M 

ADDX 

Byte, Word 

4(1/0) 

18(3/1) 

Long 

8(1/0) 

30(5/2) 

CMPM 

Byte, Word 

- 

12(3/0) 

Long 

— 

20(5/0) 

SUBX 

Byte, Word 

4(1/0) 

18(3/1) 

Long 

8(1/0) 

30(5/2) 

ABCD 

Byte 

6(1/0) 

18(3/1) 

SBCD 

Byte 

6(1/0) 

18(3/1) 
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MISCELLANEOUS INSTRUCTION CLOCK PERIODS 

Table 34 and 35 indicate the number of clock periods for the 
following miscellaneous instructions. The number of bus read 
and write cycles is shown in parenthesis as: (r/w). The number 
of clock periods plus the number of read and write cycles must 
be added to those of the effective address calculation where 
indicated. 


EXCEPTION PROCESSING CLOCK PERIODS 

Table 36 delineates the number of clock periods for exception 
processing. The number of clock periods includes the time for 
all stacking, the vector fetch, and the fetch of the first instruc- 
tion of the handler routine. The number of bus read and write 
cycles is shown in parenthesis as (r/w). 


Table 34. Miscellaneous Instruction Clock Periods 


Instruction 

Size 

Register 

Memory 

Instruction 

Size 

Register 

Memory 

ANDI to CCR 

Byte 

20(3/0) 

- 

LINK 

- 

16(2/2) 

— 

ANDI to SR 

Word 

20(3/0) 

- 

MOVE from USP 

_ 

4(1/0) 

- 

CHK 

- 

10(1/0) + 

- 

MOVE to USP 

- 

4(1/0) 

- 

EORI to CCR 

Byte 

20(3/0) 

- 

NOP 

- 

4(1/0) 

- 

EORI to SR 

Word 

20(3/0) 

- 

RESET 

- 

132(1/0) 

- 

ORI to CCR 

Byte 

20(3/0) 

- 

RTE 

- 

20(5/0) 

- 

ORI to SR 

Word 

20(3/0) 

. 

- 

RTR 

- 

20(5/0) 

- 

MOVE from SR 

- 

6(1/0) 

8(1/1) + 

RTS 

- 

16(4/0) 

- 

MOVE to CCR 


12(2/0) 

12(2/0) + 

STOP 

- 

4(0/0) 

- 

MOVE to SR 

- 

12(2/0) 

12(2/0) + 

SWAP 

- 

4(1/0) 

- 

EXG 

- 

6(1/0) 

- 

TRAPV 

- 

4(1/0) 

- 

EXT 

Word 

4(1/0) 

_ 

UNLK 

— 

12(3/0) 

— 

Long 

4(1/0) 

— 

+ add effective address calculation time 


Table 35. Move Peripheral Instruction Execution Times Table 36. Exception Processing Clock Periods 


Instruction 

Size 

Register— ►► Memory 

Memory-p-Register 

MOVEP 

Word 

16(2/2) 

16(4/0) 

Long 

24(2/4) 

24(6/0) 


Exception 

Periods 

Address Error 

50(4/7) 

Bus Error 

50(4/7) 

CHK Instruction 

44(5/4) + 

Divide by Zero 

42(5/4) 

Illegal Instruction 

34(4/3) 

Interrupt 

44(5/3)* 

Privilege Violation 

34(4/3) 

RESET** 

40(6/0) 

Trace 

34(4/3) 

TRAP Instruction 

38(4/4) 

TRAPV Instruction 

34(4/3) 

+ add effective address calculation time 
* The interrupt acknowledge cycle is assumed to take four clock 
periods. 

* * Indicates the time from when RESET and HALT are first sampled 
as negated to when instruction execution starts. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

V 

Input Voltage 

VlN 

-0.3 to +7.0 

V 

Operating Temperature Range 

Ta 

Tuto Th* 

°c 

Storage Temperature 

tstg 

-65 to +150 

°c 

1 *See ordering information | 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Value 

Unit 

Thermal Resistance 

64-Pin Ceramic 

64-Pin Plastic Dip 

^JA 

30 

55 ±5 

°C/W 

°c/w 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; however, 
it is advised that normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum-rated voltages to this 
high-impedance circuit. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic voltage level (e.g., 
either Vss or Vqc. 

POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C can be 
obtained from: 

Tj = Ta + (Pd • 0JA) (1) 


Where: 

Ta = Ambient Temperature, °C 

0JA = Package Thermal Resistance, Junction-to- 
Ambient, °CA/\/ 

pd = Pint + Pi/o 

Pint = ICC • Vcc. watts— chip Internal Power 
Pj /0 s Power Dissipation on Input and Output Pins— 
User Determined 


For most applications P|/o < P|NT ^^d can be neglected. 

An approximate relationship between Pp and Tj (if P|/o is 
neglected) is: 

Pd = K -r (Tj + 273°C) (2) 

Solving equations 1 and 2 for K gives: 

K = Pd • (Ta + 273°C) + ejA -Pd^ (3) 

Where K is a constant pertaining to the particular part. K can 
be determined from equation 3 by measuring Pd (at equilibrium) 
for a known Ta- Using this value of K the values of Pd and Tj 
can be obtained by solving equations (1) and (2) iteratively for 
any value of Ta- 


DC ELECTRICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0 Vdc, Ta = Tl to Th °C. See Figures 41, 42, and 43.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Test Conditions 

Input High Voltage 

V|H 

2.0 

Vcc 

V 


Input Low Voltage 

V|L 

Vss - 0.3 

0.8 

V 


Input Leakage Current 






BERR, BGACK, BR, DTACK, CLK, IPL0-IPL2. VPA 

l|N 

— 

2.5 

{lA 

V|M = 5.25 

HALT, RESET 


— 

20 

tiA 

<? 

O 

il 

o 

< 

_ 

Three-State (Off State) Input Current 

Itsi 

_ 

20 

/xA 


AS, A1-A23, D0-D15, FC0-FC2. LDS, R/W, UDS, VMA 




VlN = 0.4V to 2.4V 

Vcc = 5.25V 


Output High Voltage 

VOH 





E* 


Vcc - 0.75 

— 

V 

Vcc = 4.75V 

E, AS, A1-A23, BG. D0-D15. FC0-FC2. LDS, R/W, UDS, VMA 


2.4 

— 

V 

Iqh = - 400 fiA 

Output Low Voltage 

VOL 




Vcc = 4.75V 

HALT 


— 

0.5 

V 

(IQL = T6 mA) 

BG, FC0-FC2, A1-A23 


— 

0.5 

V 

(IQL = 3.2 mA) 

RESET 


— 

0.5 

V 

OOL = 5.0 mA) 

AS, D0-D15, LDS, R/W UDS, VMA, E 


— 

0.5 

V 

(Iql = 5.3 mA) 

Power Dissipation 

Pd*** 

- 

1.5 

w 


Input Capacitance 

C|N 

— 

20.0 

PF 

Vcc = 5.0V, V|N = OV 
f = 1 MHz, Ta = 25°C 

‘With external pullup resistor of 1.1 kO 
“Capacitance is periodically sampled rather than 100 % tested. 






‘“During normal operation instantaneous Vqq current requirements may be as high as 1.5A. 
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R68000 


16-Bit MPU 




+ 5V 



MMD7000 
OR EQUIVALENT 


AS, A1-A23, BG, D0-D15, E 

FC0-FC2, LDS, R/W, UD^MA 
R*=1.22 kJ] FOR A1-A23, BG, 
FC0-FC2 


Figure 43. Test Loads 


CLOCK TIMING (See Figure 44) 


Characteristic 

Symbol 

4 MHz 

6 MHz 

8 MHz 

10 MHz 

12.5 MHz 


Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Frequency of Operation 

F 

2.0 

4.0 

2.0 

6.0 

2.0 

8.0 

2.0 

10.0 

4.0 

12.5 

MHz 

Cycle Time 

tcyc 

250 

500 

167 

500 

125 

500 

100 

500 

80 

250 

ns 

Clock Pulse Width 

tCL 

115 

250 

75 

250 

55 

250 

45 

250 

35 

125 

ns 


tCH 

115 

250 

75 

250 

55 

250 

45 

250 

35 

125 


Rise and Fall Times 

tCr 

- 

10 

- 

10 

- 

10 

- 

10 

- 

5 

ns 


tCf 

— 

10 

— 

10 

— 

10 

— 

10 

— 

j 




Figure 44. input Clock Waveform 







R68000 


16-Bit MPU 


AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES 

(Vcc = 5.0 Vdc ±5%, Vss = 0 Vdc; Ta = T|_ to Th, see Figures 45 and 46) 


Num. 

Characteristic 

Symbol 

4 MHz 

6 MHz 

8 MHz 

10 MHz 

12.5 MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

1 

Clock Period 

tcvc 

250 

500 

167 

500 

125 

500 

100 

500 

80 

250 

ns 

2 

Clock Width Low 

tCL 

115 

250 

75 

250 

55 

250 

45 

250 

35 

125 

ns 

3 

Clock Width High 

tCH 

115 

250 

75 

250 

55 

250 

45 

250 

35 

125 

ns 

4 

Clock Fall Time 

tCf 

— 

10 

— 

10 

- 

10 

- 

10 

- 

5 

ns 

5 

Clock Rise Time 

tCr 

- 

10 

- 

10 

- 

10 

- 

10 

- 

5 

ns 

6 

Clock Low to Address 

tCLAV 

- 

90 

- 

80 

- 

70 

- 

60 

- 

55 

ns 

6A 

Clock High to FC Valid 

tCHFCV 

- 

90 

- 

80 

- 

70 

- 

60 

- 

55 

ns 

7 

Clock High to Address Data 
High Impedance (Maximum) 

tCHAZx 

— 

120 

— 

100 

— 

80 

— 

70 

— 

60 

ns 

8 

Clock High to Address/FC 
Invalid (Minimum) 

tCHAZn 

0 

— 

0 

— 

0 

— 

0 

__ 

0 

— 

ns 

01 

Clock High to AS, DS Low 
(Maximum) 

tCHSLx 

— 

80 

— 

70 

— 

60 

— 

55 

— 

55 

ns 

10 

Clock High to Low 

(Minimum) 

tCHSLn 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

112 

Address to AS, DS (Read) 
Low/AS Write 

tAVSL 

55 

— 

35 

— 

30 

— 

20 

— 

0 

— 

ns 

11A2 

FC Valid to AS, DS (Read) 
Low/AS Write 

tFCVSL 

80 

— 

70 

— 

60 

— 

50 

— 

40 

— 

ns 

121 

Clock Low to AS, DS High 

tCLSH 

- 

90 

- 

80 

- 

70 

- 

55 

- 

50 

ns 

132 

AS, DS High to Address/FC 
Invalid 

tSHAZ 

60 

— 

40 

— 

30 

— 

20 

— 

10 

— 

ns 

142 

AS, DS Width Low (Read)/AS 
Write 

tSL 

535 

- 

337 

- 

240 

- 

195 

- 

160 

— 

ns 

14A2 

DS Width Low (Write) 

tDWPW 

285 

— 

170 

— 

115 

— 

95 

— 

80 

— 

ns 

152 

AS, DS Width High 

tSH 

285 

- 

180 

- 

150 

- 

105 

- 

65 

- 

ns 

16 

Clock High to AS, DS High 

tCHSZ 

- 

120 

- 

100 

- ! 

80 

- 

70 

- 

60 

ns 

172 

AS, DS High to R/W High 

tSHRH 

60 

- 

50 

- 

40 

- , 

20 

- 

10 

- 

ns 

181 

Clock High to R/W High 
(Maximum) 

tCHRHx 

— 

90 

— 

80 

— 

70 

— 

60 

— 

60 

ns 

19 

Clock High to R/W High 
(Minimum) 

tCHRHn 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

201 

Clock High to R/W Low 

tCHRL 

- 

90 

— 

80 

— 

70 

— 

60 

- 

60 

ns 

20A6 

AS Low to R/W Valid 

tASRV 

- 

20 

- 

20 

- 

20 

- 

20 

- 

20 

ns 

212 

Address Valid to R/W Low 

tAVRL 

45 

- 

25 

- 

20 

- 

0 

- 

0 

- 

ns 

21 A2 

FC Valid to R/W Low 

tPCVRL 

80 

- 

70 

- 

60 

- 

50 

- 

30 

- 

ns 

222 

R/W Low to DS Low (Write) 

tRLSL 

200 

- 

140 

_ 

80 

- 

50 

- 

30 

- 

ns 

23 

Clock Low to Data Out Valid 

tCLDO 

— 

90 

— 

80 

— 

70 1 

- 

55 

__ 

55 

ns 

24 

Clock High to R/W, 

High Impedance 

tCHRZ 

- 

120 

— 

100 

— 

80 

— 

70 

— 

60 

ns 

252 

DS High to Data Out Invalid 

tSHDO 

60 

- 

40 

- 

30 

- 

20 

- 

15 

- 

ns 

262 

Data Out Valid to DS Low 
(Write) 

tDOSL 

55 

— 

35 

— 

30 

— 

20 

— 

15 

— 

ns 

275 

Data In to Clock Low 
(Setup Time) 

tDICL 

30 


25 


15 


10 


10 


ns 

27A 

Late BERR Low to Clock Low 
(Setup Time) 

tBELCL 

45 

— 

45 

— 

45 

— 

45 

— 

45 

— 

ns 

282 

AS, DS High to DTACK High 

tSHDAH j 

0 

490 

0 

325 

0 

245 

0 

190 

0 

150 

ns 
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R68000 


16-Bit MPU 


AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (CONTINUED) 


Num. 

Characteristic 

Symbol 

4 MHz 

6 MHz 

8 MHz 

10 MHz 

12.5 MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

29 

DS High to Data Invalid 
(Hold Time) 

tSHDI 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

30 

DS High to BERR High 

tSHBEH 

0 

— 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

312.5 

DTACK Low to Data In 
(Setup Time) 

tDALDI 

— 

180 

_ 

120 

— 

90 

— 

65 

— 

50 

ns 

32 

HALT and RESET Input 
Transition Time 

tRHr,f 

0 

200 

0 

200 

0 

200 

0 

200 

0 

200 

ns 

33 

Clock High to BG Low 

tCHGL 

- 

90 

- 

80 

- 

70 

- 

60 

- 

50 

ns 

34 

Clock High to BG High 

tCHGH 

— 

90 

- 

80 

- 

70 

- 

60 

- 

50 

ns 

35 

BR Low to BG Low 

tBRLGL 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

Clk. Per. 

36 

^ High to BG High 

fBRHGH 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

Clk. Per. 

37 

BGACK Low to BG High 

fGALGH 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

Clk. Per. 

37A 

BGACK Low to BR High 
(to Prevent Rearbitration) 

tBGKBR 

30 

— 

25 

— 

20 

— 

20 

— 

20 

— 

ns 

38 

BG Low to Bus High 

Impedance (with ^ High) 

tGLZ 

— 

120 

— 

100 

— 

80 

— 

70 

— 

60 

ns 

39 

BG Width High 

tGH 

1.5 

— 

1.5 

— 

1.5 

— 

1.5 

— 

1.5 

— 

Clk. Per. 

40 

Clock Low to VMA Low 

tCLVML 

— 

90 

- 

80 

- 

70 

- 

70 

- 

70 

ns 

41 

Clock Low to E Transition 

tCLC 

- 

100 

- 

85 

- 

70 

- 

55 

- 

45 

ns 

42 

E Output Rise and Fall Time 

tEr,f 

- 

25 

- 

25 

- 

25 

- 

25 

- 

25 

ns 

43 

VMA Low to E High 

tVMLEH 

325 

- 

240 

- 

200 

- 

150 

- 

90 

- 

ns 

44 

AS, DS High to VPA High 

tSHVPH 

0 

240 

0 

160 

0 

120 

0 

90 

0 

70 

ns 

45 

E Low to Address/VMA/FC 
Invalid 

tELAI 

55 

— 

35 

— 1 

30 

— 

10 


10 

— 

ns 

46 

BGACK Width 

tBGL 

1.5 

- 

1.5 

- 1 

1.5 

- 

1.5 

- 

1.5 

- 

Clk. Per. 

475 

Asynchronous Input 

Setup Time 

tASI 

30 

— 

25 

— 

20 

— 

20 

— 

20 

— 

ns 

483,5 

BERR Low to DTACK Low 

tBELDAL 

30 

- 

25 

- 

20 

- 

20 

- 

20 

- 

ns . 

49 

E Low to 7^, DS Invalid 

fELSI 

-80 

— 

-80 

— 

-80 

— 

-80 

- 

-80 

- 

ns 

50 

E Width High 

tEH 

900 

— 

600 

— 

450 

- 

350 

- 

280 

- 

ns 

51 

E Width Low 

tEL 

1400 

— 

900 

— 

700 

- 

550 

- 

440 

- 

ns 

52 

E Extended Rise Time 

tCIEHX 

- 

80 

- 

80 

- 

80 

- 

80 

- 

80 

ns 

53 

Data Hold from Clock High 

tCHDO 

0 

— 

0 

— 

0 

- 

0 

— 

0 

- 

ns 

54 

Data Hold from E Low (Write) 

tELDOZ 

60 

— 

40 

— 

30 

— 

20 

— 

15 

— 

ns 

55 

R/W to Data Bus Impedance 
Change 

tRLDO 

55 

— 

35 

— 

30 

— 

20 

— 

10 

— 

ns 

564 

HALT/RESET Pulse Width 

tHRPW 

10 

- 

10 

- 

10 

- 

10 

- 

10 

- 

Clk. Per. 


Notes: 

1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in these columns. 

2. Actual value depends on clock period. 


3. If #47 is satisfied for both DTACK and BERR, #48 may be 0 nanoseconds. 

4. For power up, the MPU must be held in RESET state for 100 ms to stabilize all on-chip circuitry. After the system is powered up, #56 refers 
to the minimum pulse width required to reset the system. 

5. If the asynchronous setup time (#47) requirements are satisfied the DTACK low-to-data setup time (#31) requirement can be ignored. The data 
must only satisfy the data-in clock-low setup time (#27) for the following cycle. 

6. When and R/W are equally loaded (±20%), subtract 10 nanoseconds from the value given in these columns. 
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NOTES: 

1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS BGACK, AND ^ GUARANTEES THEIR RECOGNITION AT THE 

r^XT FALLING EDGE OF THE CLOCK. 

2. BR NEEDS FALL AT THIS TIME ONLY IN ORDER TO INSURE BEING RECOGNIZED AT THE END OF THIS BUS CYCLE. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 45. Read Cycle Timing 






ASYNCHRONOUS 

INPUTS 


HALT/RESET 


NOTES: _ 

1. BECAUSE OF LOADING VARIATIONS, R/W MAY BE VALID AFTER AS EVEN THOUGH BOTH ARE INITIATED BY THE RISING 
EDGE OF S2 (SPECIFICATION 20A). 

2. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 46. Write Cycle Timing 






R68000 


16-Bit MPU 


AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION 

(Vcc = 5.0 Vdc ±5%, Vss = 0 Vdc, = Tl to Th °C. See Figure 47.) 


Num. 

Characteristic 

Symbol 

4 MHz 

6 MHz 

8 MHz 

1 10 MHz 

12.5 MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

33 

Clock High to BG Low 

tCHGL 

_ 

90 

_ 

80 

— 

70 

_ 

60 

_ 

50 

ns 

34 

Clock High to BG High 

tCHGH 

— 

90 

— 

80 

_ 

70 1 

_ 

60 

— 

50 

ns 

35 

BR Low to BG Low 

tBRLGL 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

Clk. Per. 

36 

^ High to BG High 

tBRHGH 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

Clk. Per. 

37 

BGACK Low to BG High 

tGALGH 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

Clk. Per. 

37A 

BGACK Low to BR High 
(to Prevent Rearbitration) 

tBGKBR 

30 

— 

25 

— 

20 

1 

20 

— 

20 

— 

ns 

38 

BG Low to Bus High 

Impedance (with High) 

tGLZ 

— 

120 

— 

100 

— 

80 1 


70 

— 

60 

ns 

39 

BG Width High 

tGH 

1.5 

_ 

1.5 

— 

1.5 

— ' 

1.5 

— 

1.5 

— 

Clk. Per. 

46 

BGACK Width 

tBGL 

1.5 


1.5 

- 

1.5 

- 

1.5 

1 

- 

1.5 

- 

Clk. Per. 


THESE WAVEFORMS SHOULD ONLY BE REFERENCED IN REGARD TO THE EDGE-TO-EDGE MEASUREMENT OF THE TIMING 
SPECIFICATIONS. THEY ARE NOT INTENDED AS A FUNCTIONAL DESCRIPTION OF THE INPUT AND OUTPUT SIGNALS. 
REFER TO OTHER FUNCTIONAL DESCRIPTIONS AND THEIR RELATED DIAGRAMS FOR DEVICE OPERATION. 



NOTES: 

1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS BERR, BGACK, BR, DTACK, 1^-1^, AND WA GUARANTEES THEIR 
RECOGNITION AT THE NEXT FALLING EDGE OF THE CLOCK. 

2. WAVEFORM MEASUREMENTS FOR ALL INPUTS AND OUTPUTS ARE SPECIFIED AT: LOGIC HIGH = 2.0 VOLTS, 

LOGIC LOW = 0.8 VOLTS 


Figure 47. AC ELECTRICAL Waveforms — Bus Arbitration 
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64-PIN PLASTIC QUAD IN-LINE PACKAGE (QUIP) 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 


A 

41.10 

41.61 

1.618 

1.638 

B 

17.02 

17 23 

0 670 

0.690 

C 

3 56 

4.58 

0.140 

0.180 

D 

0 48 

0.56 

0 018 


E1 

19.05 BSC 

0.750 BSC 

E2 

23.50 BSC 

0.925 BSC 

G 

1.27 BSC 

0.050 BSC 

J 

0.18 


0.007 

0.013 

K1 


3.18 

0.115 

0.125 

K2 

■ ->83 

5.34 

0.190 

0210 





68-PIN PLASTIC CHIP CARRIER (PCC) 



SECTION A-A 

TYP FOR BOTH AXIS (EXCEPT FOR BEVELED EDGE) 



BOTTOM VIEW 





68-PIN CERAMIC CHIP CARRIER (LCC) 


CHAM 

1 X 45° (INDEX) 



3 PLCS 

EQUALLY SPACED 



BOTTOM VIEW SIDE VIEW TOP VIEW 






R68C552 



R68C552 


Dual Asynchronous Communications 

Rockwell 

Interface Adapter (DACIA) 


PRELIMINARY 

DESCRIPTION 

FEATURES 


The Rockwell CMOS R68C552 Dual Asynchronous Communica- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled two-channel interface between 16-bit 
microprocessor-based systems and serial communication data 
sets and modems. 

The DACIA is designed for maximum programmed control from 
the microprocessor (MPU) to simplify hardware implementation. 
Dual sets of registers allow independent control and monitoring 
of each channel. , 

Transmitter and Receiver bit rates may be controlled by an inter- 
nal baud rate generator or external times 16 clocks. The baud rate 
generator accepts either a crystal or a clock input, and provides 
15 programmable baud rates. When a 3.6864 MHz crystal is used, 
the baud rates range from 50 bps to 38,400 bps. 

The DACIA may be programmed to transmit and receive frames 
having word lengths of 5, 6, 7 or 8 bits; even, odd, space, mark 
or no parity; and 1 or 2 stop bits. 

A Compare Register, and the ability to detect address frames, facili- 
tate address recognition in a multidrop mode. 


Low power CMOS N-well silicon gate technology 

Two independent full duplex channels with buffered receivers 
and transmitters. 

Data set/modem control functions 

Internal baud rate generator with 15 programmable baud rates 
(50 bps to 38,400 bps) 

Program-selectable internally or externally controlled receiver 
and transmitter bit rates 

Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

Programmable interrupt control 

Edge detect for DCD, DSR, and CTS 

Program-selectable echo mode for each channel 

Compare Register 

Address/Data frame recognition 

5.0 Vdc ±5% supply requirements 

40-pin plastic or ceramic DIP or 44-pin PLCC 

Full TTL or CMOS input/output compatibility 

Compatible with R68000 microprocessors 


ORDERING INFORMATION 


Part Number: 
R68C552 


' Temperature Range (Tl to Th): 

Blank = 0°Cto+70°C 

E = -40°Cto -h85°C 


Package: 

C = 40-Pin Ceramic DIP 
P = 40-Pin Plastic DIP 
j = 44-Pin Plastic Leaded 
Chip Carrier (PLCC) 


Document No. 68650N09 


Product Description 


Order No. 708 
Rev. 3, June 1987 
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R68C552 


Dual Asynchronous Communications Interface Adapter (DACIA) 


INTERFACE SIGNALS 

The DACIA is available in a 40-pin DIP or a 44-pin PLCC. Figure 1 
shows the pin assignments for each package. The DACIA inter- 
face signals are shown in Figure 2. Table 1 contains a description 
of each signal. 



RTS1 C 12 
CfsT C 13 



Figure 1. R68C552 Pin Assignments 



ACIA1 

INTERRUPT 

LOGIC 


ACIA1 

REGISTERS 

AND 

CONTROL 

LOGIC 


ACIA 

CHANNEL 1 


I/O CONTROL 
AND 

REGISTER 

SELECT 

LOGIC 


DATA 

BUS 

BUFFERS 

ACIA2 

INTERRUPT 

LOGIC 


ACIA1 BAUD 
RATE SELECT 




ACIA2 BAUD 
RATE SELECT 


ACIA2 

REGISTERS 

AND 

CONTROL 

LOGIC 


XTALI 
. XTALO 
. CLKOUT 
RxC 
TxC 


ACIA 

CHANNEL 2 


Figure 2. R68C552 DACIA Interface Signals 
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R68C552 Dual Asynchronous Communications interface Adapter (DACiA) 


Table 1. DACIA interface Signal Definitions 



Pin No. 



Signal 

DIP 

PLCC 

I/O 

Name/Description 

Host Interface | 

RES 

1 

24 

1 

Reset. Active low input controlling the reset function. This signal must be driven low for a minimum of 

4 /iS for a valid reset to occur. It is driven high during normal operation. 

R/W 

38 

20 

1 

Read/Write. Input controlling the direction of data transfer. It is driven low during write cycles, and is 
driven high at all other times. 

CS 

39 

21 

1 

Chip Select. Active low input enabling data transfers between the host CPU and the DACIA. The 

DACIA latches register selects and the R/W input on the falling edge of CS. It latches input data on the 
rising edge of CS. 

RS0-RS3 

35-37 

17-19 

1 

Register Select. Three Inputs controlling access to the DACIA internal registers. Table 3 lists the cod- 
ing for each register. 

D0-D3 

24-21 

6-3 

I/O 

Data Bus. Eight bidirectional lines used to transfer data between the host and the DACIA. These lines 

D4-D7 

19-16 

44-41 


output data during READ cycles when CS is low and they output the interrupt vector during INTER- 
RUPT ACKNOWLEDGE cycles when IACK1 or IACK2 is low. At all other times, they are in the high 





impedence state. 

DTACK 

2 

25 

0 

Data Transfer Acknowledge. Active low open drain output generated in response to CS, IACK1 and 

IACK2 during asynchronous data transfers. DTACK goes to the high impedence state when CS, IACK1 
and IACK2 are high. 

IMT 

' IRQ2 

29 

11 

11 

35 

0 

Interrupt Request. Two active low, open-drain outputs from the interrupt control logic. These outputs 
are normally high. An IRQ line goes low when one of the flags of the associated ISR is set if the 
corresponding enable bit is set in the lER. 

IACK1 

IACK2 

34 

6 

16 

30 

1 

Interrupt Acknowledge. Two active low inputs indicating that an INTERRUPT ACKNOWLEDGE cycle 
is in progress. When an lACK goes low, the DACIA places the interrupt vector for the associated 
channel on the data bus and issues DTACK. 

Clock Interface | 

XTALI 

XTALO 

3 

4 

26 

27 

0 

Crystal Input/Output. One input and one output through which the reference signal for the internal 
clock oscillator is supplied. A parallel resonant crystal may be connected across the pins or a clock 
may be input at XTALI. When a clock is used, XTALO must be left open. 

CLK OUT 

5 

29 

0 

Clock Out. A buffered output from the internal clock oscillator which is in phase with XTALI. This out- 
put may be used to drive the XTALI input of another DACIA. Therefore, several DACIA chips may be 
driven with one crystal. 

RxC 

25 

7 

1 

Receiver Clock. Input for external 16x receiver clock. 

TxC 

15 

39 

I 

Transmitter Clock. Input for external 16x transmitter clock. 

Serial Channel Interface | 

DTR1 

DTR2 

27 

13 

9 

37 

0 

Data Terminal Ready. Two general purpose outputs which are set high upon reset. The output level is 
programmed by setting the appropriate bit in the associated Format Register (FR) high or low. The state 
of each DTR line is reflected by the DTR LVL bit in the associated Control Status Register (CSR). 

dsrT 

DSR2 

33 

7 

15 

31 

1 

Data Set Ready. Two general purpose inputs. An active transition sets the DSRT bit in the Interrupt 

Enable Register (ISR). The DSR LVL bit in the associated CSR reflects the current state of a DSR line. 

rtsT 

RTS2 

30 

10 

12 

34 

0 

Request To Send. Two general purpose outputs which are set high upon reset. The output level is 
programmed by setting the appropriate bit in the associated FR high or low. The state of an RTS line is 
reflected by the RTS LVL bit in the associated CSR. 

CfS1 

31 

13 

1 

Clear To Send. The CTS control line inputs allow handshaking by the transmitters. When CTS is low, 

CTS2 

9 

33 


the data is transmitted continuously. When CTS is high, the Transmit Data Register Empty bit (TDRE) in 
the associated ISR is not set. The word presently in the Transmit Shift Register is sent normally. Any 
active transition on a CTS line sets the CTST bit in the appropriate ISR. The CTS LVL bit in the 
associated CSR reflects the current state of CTS. 

TxD1 

26 

8 

0 

Transmit Data. The TxD outputs transfer serial non-return to zero (NRZ) data to the data communica- 

TxD2 

14 

38 


tions equipment (DCE). The data is transferred, LSB first, at a rate determined by the baud rate genera- 
tor or external clock. 


32 

14 

1 

Data Carrier Detect. Two general purpose inputs. An active transition sets the DCDT bit in the 

DCD2 

8 

32 


appropriate ISR. The DCD LVL bit in the associated CSR reflects the current state of a DCD line. 

RxD1 

28 

10 

1 

Receive Data. The RxD inputs transfer serial NRZ data into the DACIA from the DCE, LSB first. The 

RxD2 

12 

36 


receiver baud rate is determined by the baud rate generator or external clock. 

Power I 

vcc 

40 

22 

1 

DC Power Input. 5.0V ± 5%. 

vss 

20 

1 

1 

Power and Signal Reference. 
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FUNCTIONAL DESCRIPTION 

Figure 3 is a block diagram of the DACIA which consists of two 
asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 

RESET LOGIC 

The Reset Logic sets various inter nal re gisters, status bits and con- 
trol lines to a known state. The RES input must be driven low 
for a minimum of 4 ^s for a valid reset to occur. At this time, the 
lERs are set to $80, the RDRs and AC Rs a re cle ared, and the com- 
pare mode is disa bled. Also, the DTR and RTS outputs are 
driven high and the CTS, DCD and DSR transition detect flags 
are cleared. No other bits are affected. 

DATA BUS BUFFER 

The Data Bus Buffer is a bidirectional interface between the data 
lines and the internal data bus. The state of the Data Bus Buffer 
is controlled by the I/O Control Logic and the Interrupt Logic. 
Table 2 summarizes the Data Bus Buffer states. 

I/O CONTROL LOGIC 

The I/O Control Logic controls data transfers between the Inter- 
nal Registers and the Data Bus Buffer. Internal Register selection 
is determined by the Register Select inputs as shown in Table 3. 
When R/W is high and CS is low, data from the selected register 
is trans ferred from the internal data bus to the data lines and 
DT ACK is asserted. When CS is high, the DACIA is deselected if 
the lACK inputs are high and the data lines are tri-stated. 

INTERRUPT LOGIC 

The interrupt logic causes the IRQ lines (IRQ1 or IRQ2) to go low 
when conditions are met that require the attention of the MPU. 
There are two registers (the Interrupt Enable Register and the Inter- 
rupt Status Register) involved in the control of interrupts in the 
DA CIA. Corresponding bits in both registers must be set to cause 
an IRQ. 


When an lACK inputgoes low in response to an I RQ, the following 
occurs if CS and R/W are high: DO goes low if the IRQ is generated 
by TDR empty or RDR full. DO goes high for all other interrupt 
sources. TDRE and RDRF interrupts have priority over all other 
interrupt sources. D1 goes lo w wh en the interrupt request is from 
Channel 1. It goes high if the IRQ is from Channel 2. D2 through 
D7 outputs the Interrupt Vector Nu mber sto red in bits 2 through 
7 of the Auxiliary Control Register. DTACK is asserted. 

CLOCK OSCILLATOR LOGIC 

The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an exter- 
nal clock. 

The baud rate generator may be disabled by connecting XTALI 
to ground and leaving XTALQ open. When this is done, a trans- 
mitter times 16 clock must be input at TxC, a receiver times 16 clock 
must be input at RxC and the Control Registers must be 
programmed to select TxC and RxC clocks. 


Table 2. Data Bus Buffer Summary 


R/W 

Control Signals 

CS IACK1 IACK2 

Data Bus Buffer State 

L 

L 

L 

L 

Illegal Mode — Tri-State 

L 

L 

L 

H 

Illegal Mode — Tri-State 

L 

L 

H 

L 

Illegal Mode — Tri-State 

L 

L 

H 

H 

Write Mode — Tri-State 

L 

H 

L 

L 

Illegal Mode — Tri-State 

L 

H 

L 

H 

Illegal Mode — Tri-State 

L 

H 

H 

L 

Illegal Mode — Tri-State 

L 

H 

H 

H 

Tri-State 

H 

L 

L 

L 

Illegal Mode — Output $0F 

H 

L 

L 

H 

Illegal Mode — Output $0F 

H 

L 

H 

L 

Illegal Mode — Output $0F 

H 

L 

H 

H 

Read Mode — Output Data 

H 

H 

L 

L 

Illegal Mode — Output $0F 

H 

H 

L 

H 

Output IRQ Vector 1 

H 

H 

H 

L 

Output IRQ Vector 2 

H 

H 

H 

H 

Tri-State 


Data Line 
Output 

A A I 

0 TDRE, RDRF 

1 ^T, D^T, ^T 
PAR, F/O/B 

0 CHANNEL 1 


7 

6 


4 


2 

1 

0 

IR 

1 

Q VE 

1 1 

;cTO 

R NL 

I 1 

1 1 

JMBE 

1 1 

ER 

IRQ 

CHANNEL 

IRQ 

SOURCE 


1 CHANNEL 2 


INTERRUPT VECTOR NUMBER 
FROM ACR 
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Figure 3. DACiA Block Diagram 
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Table 3. DACIA Register Selection 



Reaister Select 


Register Accessed | 



Lines 


Write 

Read 

HEX 

RS2 

RSI 

RSO 

Symbol 

Name 

Symbol 

Name 

0 

L 

L 

L 

IER1 

Interrupt Enable 
Register 1 

ISR1 

Interrupt Status 

Register 1 

■| 

L 

L 

H 

CR1 

Control 

Register 

CSR1 

Control Status 




FR1 

Format 

Register 12 

Register 1 

2 

L 

H 

L 

CDR1 

Compare Data 

Register 


Not Used 




ACR1 

Auxiliary Control 
Register 


3 

L 

H 

H 

TDR1 

Transmit Data 

Register 1 

RDR1 

Receive Data 

Register 1 

4 

H 

L 

L 

IER2 

Interrupt Enable 
Register 2 

ISR2 

Interrupt Status 

Register 2 

5 

H 

L 

H 

CR2 

Control 

Register 2^ 

CSR2 

Control Status 



FR2 

Format 

Register 22 

Register 2 

6 

H 

H 

L 

CDR2 

Compare Data 

Register 2^ 


Not Used 


ACR2 

Auxiliary Control 
Register 2'* 


7 

H 

H 

H 

TDR2 

Transmit Data 

Register 2 

RDR2 

Receive Data 

Register 2 


Notes: 

1. D7 must be set low to write to the Control Registers. 

2. D7 must be set high to write to the Format Registers. 

3. Control Register bit 6 must be set to 0 to access the Compare Register. 

4. Control Register bit 6 must be set to 1 to access the Auxiliary Control Register. 
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SERIAL DATA CHANNELS 

Two independent serial data channels are available for the full 
duplex (simultaneous transmit and receive) transfer of asyn- 
chronous frames. Separate internal registers are provided for each 
channel for the selection of frame parameters (number of bits per 
character, parity options, etc.), status flags, interrupt control and 
handshake. The asynchronous frame format is shown in Figure 4. 

Transmit data from the host system is loaded into the Transmit Data 
Register. From there, it is transferred to the Transmit Shift Register 
where it is shifted, LSB first, onto the TxD line. All transmissions 
begin with a start bit and end with the user selected number of 
stop bits. A parity bit is transmitted before the stop bit(s) if parity 
is enabled. 

Receive data is shifted into the Receive Shift Register from the 
associated RxD line. Start and stop bits are stripped from the frame 
and the data is transferred to the Receive Data Register. Parity bits 
may be discarded or stored in the ISR. 

Five I/O lines are provided for each channel for handshake with 
the data commun icat ions e quipment (DCE). Four of these signals 
(RTS, DTR, DS R and DCD) are general purpose inputs or out puts. 
The fifth signal, CTS, enables/disables the transmitter. When CTS 


is high and the Transmit Shift Register is empt y, the transmitter 
(except for Echo Mode) is inhibited. When CTS is low, the 
transmitter is enabled. 



Figure 4. Asynchronous Frame Format 


INTERNAL REGISTERS 

The DACIA contains ten control registers and four status registers 
in addition to the transmit and receive registers. The Control 
Registers provide for control of frame parameters, baud rate, inter- 
rupt generation, handshake lines, transmission and reception. The 
status registers provide status information on transmit and receive 
registers, error conditions and interrupt sources. Table 4 summa- 
rizes the bit definitions of these registers. A detailed description 
follows. 
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INTERRUPT STATUS REGISTERS (ISR1, ISR2) 


INTERRUPT ENABLE REGISTERS (IER1, IER2) 


The Interrupt Status Registers are read-only registers indicating 
the status of each interrupt source. Bits 6 through 0 are set when 
the i ndic ated IRQ condition has occurred. Bit 7 is set to a 1 when 
any IRQ source bit is set, or if Echo Mode is disabled, when GTS 
is high. 


7 

6 

5 

4 

3 

2 

1 

0 

ANY 



DCDT 





BIT 

SET 

TDRE 

^T 

DSRT 

PAR 

F/O/B 

RDRF 


Address = 0,4 Reset Value = 1 - 00000 - 


Bit 7 Any Bit Set 

1 Any bit (6 through 0) has been set to a 1 or GTS 

is high with echo disabled 

0 No bits have been set to a 1 or echo is enabled 

Bit 6 Transmit Data Register Empty (TO RE) 

1 Transmit Data Register is empty and GTS is low 

0 Transmit Data Register is full or GTS Is high 

Bit 5 Transition On CTS Line (CTST) 

1 A po sitive or negative transition has occurred on 

GTS 

0 No transition has occurred on GTS, or ISR has 

been Read 


The Interrupt Ena ble R egisters are write-only registers that 
enable/disable the IRQ sources. IRQ sources are enab led by 
writing to an lER with bit 7 set to a 1 and the bit for every IRQ source 
to be enabled set to a 1. IRQ sources are disabled by writing to 
an lER with bit 7 reset to a 0 and the bit for every source to be dis- 
abled set to a 1. Any source bit reset to 0 is unaffected and remains 
in its original state. Thus, writing $7F to an lER disables all of that 
channel’s interrupts and writing an $FFto an lER enables all of 
that channel’s interrupts. 


7 

6 

5 

4 

3 

2 

1 

0 

SET 

TDRE 

^T 

DCDT 

D^T 

PAR 

F/O/B 

RDRF 

BITS 

IE 

IE 

IE 

IE 

IE 

IE 

IE 


Address = 0,4 Reset Value = - 0000000 


Bit 7 Enable/Disable 

1 Enable selected IRQ source 

0 Disable selected IRQ source 


Bits 0-6 

1 Select for enable/disable 

0 No change 


CONTROL STATUS REGISTERS (CSR1, CSR2) 

The Control Status Registers are read-only registers that provide 
I/O status and error condition information. A GSR is normally read 
after an IRQ has occurred to determine the exact cause of the inter- 
rupt condition. 


Bit 4 Transition On DCD Line (DCDT) 

1 A pos itive or negative transition has occurred on 

DCD 

0 No transition has occurred on DCD, or ISR has 
been Read 

Bit 3 Transition On DSR Line (DSRT) 

1 A pos itive or negative transition has occurred on 

DSR 

0 No transition has occurred on DSR, or ISR has 
been Read 

Bit 2 Parity Status (PAR) 

ACR bit 0 = 0 

1 A parity error has occurred in received data 

0 No parity error has occurred, or the Receive Data 
Register (RDR) has been Read 

ACR bit 0 = 1 

1 Parity bit = 1 

0 Parity bit = 0 

Bit 1 Frame Error, Overrun, Break 

1 A framing error, receive overrun, or receive break 
has occurred or has been detected 

0 No error, overrun, break has occurred or RDR 
has been Read 

Bit 0 Receive Data Register Full (RDRF) 

1 Receive Data Register is full 

0 Receive Data Register is empty 


7 

6 

5 

4 

3 

2 

1 

0 

FE 

TUR 

LVL 

CCD 

LVL 

D^ 

LVL 

BRK 

DTR 

LVL 

HfS 

LVL 


Address = 1,5 Reset Value = 1 011 

Bit 7 Framing Error (FE) 

1 A framing error occurred in receive data 

0 No framing error occurred, or the RDR was read 

Bit 6 Transmitter Underrun (TUR) 

1 Transmit Shift Register is empty and TDRE is set 

0 Transmitter Shift Register is not empty 

Bit 5 ^ Level ((^ LVL) 

1 CTS line is high 

0 CTS line is low 

Bit 4 D^ Level (D^ LVL) 

1 DCD line is high 

0 DCD line is low 

3 DSR Level (D^ LVL) 

1 DSR line is high 

0 DSR line is low 

Bit 2 Receive Break (BRK) 

1 A Receive Break has occurred 

0 No Receive Break occurred, or RDR was read 

Bit 1 mR Level LVL) 

1 DTR line is high 

0 DTR line is low 

Bit 0 Rre Level (RTS LVL) 

1 RTS line is high 

0 RTS line is low 
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CONTROL REGISTERS (CR1, CR2) FORMAT REGISTERS (FR1, FR2) 

The Control Registers are write-only registers. They control access The Format Registers are write-only registers. They select the 

to the Auxiliary Control Register and the Compare Data Register. number of data bits per cha racte r an d pari ty generation/checking 

They select the number of stop bits, control Echo Mode, and select options. They also control RTS and DTR. 

the data rate. 


(Accessed when Bit 7 = 0) 


(Accessed when Bit 7 = 1) 




Bit 7 Control or Format Register 

0 Access Control Register 

Bit 6 CDR/ACR 

1 Access the Auxiliary Control Register (ACR) 

0 Access the Compare Data Register (CDR) 

Bit 5 Number of Stop Bits Per Character 

1 Two stop bits 

0 One stop bit 

Bit 4 Echo Mode Selection 

1 Echo Mode enabled 

0 Echo Mode disabled 

Bits 3-0 Baud Rate Selection 

3 2 10 (bits per second with 3.6864 MHz crystal) 
0 0 0 0 50 

0 0 0 1 109.2 

0 0 1 0 134.58 

0011 150 

0 1 0 0 300 

0 10 1 600 

0110 1200 

0111 1800 

1 0 0 0 2400 

1 0 0 1 3600 

1 0 1 0 4800 

1011 7200 

1 1 0 0 9600 

1101 19200 

1110 38400 

1111 External TxC and RxC X16 Clocks 


Bit 7 Control or Format Register 

1 Access Format Register 

Bits 6-5 Number of Data Bits Per Character 
6 5 

0 0 5 

0 1 6 

1 0 7 

1 1 8 


Bits 4-3 Parity Mode Selection 
4 3 

0 0 Odd Parity 

0 1 Even Parity 

1 0 Mark in Parity bit 

1 1 Space in Parity bit 

Bit 2 Parity Enable 

1 Parity as specified by bits 4-3 

0 No Parity 

Bit 1 DT R Con trol 

1 Set DTR high 

0 Set DTR low 


Bit 0 RT S Con trol 

1 Set RTS high 

0 Set RTS low 
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COMPARE DATA REGISTERS (CDR1, CDR2) 

The Compare Data Registers are write-only registers which can 
be accessed when CR bit 6 = 0. By writing a value into the CDR, 
the DACIA is put in the compare mode. In this mode, setting of the 
RDRF bit is inhibited until a character is received which matches 
the value in the CDR. The next character is then received and the 
RDRF bit is set. The receiver will now operate normally until the 
CDR is again loaded. 

(Control Register bit 6 = 0) 

7 6 5 4 3 2 1 0 

COMPARE DATA 

Address = 2,6 Reset Value = 


AUXILIARY CONTROL REGISTERS (ACR1, ACR2) 

The Auxiliary Control Registers are write-only registers. Bits 7-2 
hold the user selected interrupt vector number to be output on data 
lines 7-2 during interrupt acknowledge. Bit 1 causes the transmitter 
to transmit a BREAK. Bit 0 determines whether parity error or the 
parity bit is displayed in ISR bit 2. 


(Control Register bit 6 = 1) 


7 6 5 4 3 2 

1 

0 

IRQ VECTOR ADDRESS 

TRNS 

BRK 

PAR 

ERR/ST 


Address = 2,6 Reset Value = 00 


Bits 7-2 IRQ Vector Address 

Bit 1 Transmit Break (TRNS BRK) 

1 Transmit continuous Break 

0 Normal transmission 


Bit 0 Parity Error/State (PAR ERR/ST) 

1 Send value of parity bit to ISR bit 2 (Address 

Recognition mode) 

0 Send Parity Error status to ISR bit 2 


RECEIVE DATA REGISTERS (RDR1, RDR2) 

The Receive Data Registers are read-only registers which are 
loaded with the received data character of each frame. Start bits, 
stop bits and parity bits are stripped off of incoming frames before 
the data is transferred from the Receive Shift Register to the 
Receive Data Register. For characters of less than eight bits, the 
unused bits are the high order bits which are set to 0. 


MSB 





LSB 

1 7 

6 

5 

4 3 

2 1 

0 

1 RECEIVE DATA 

Address 

= 3,7 



Reset Value = 

00000000 


TRANSMIT DATA REGISTERS (TDR1, TDR2) 

The Transmit Data Registers are write-only registers which are 
loaded from the CPU with data to be transmitted. For data charac- 
ters of less than eight bits, the unused bits are the high order bits 
which are “don’t care”. 

MSB LSB 

7 6 5 4 3 2 1 0 

TRANSMIT DATA 

Address = 3,7 Reset Value = 


OPERATION 


TERMINATION OF UNUSED INPUTS 

Noise on floating inputs can affect c hip op erati on. All unused 
Inputs must be terminated. If unused, IACK1 and IACK2 must be 
tied high. If the baud rate generator is bypassed, XTALI must be 
connected to ground (XTALO is an output and must be left open). 
If the external clock mode is not used, RxC and TxC may be tied 
either to -f SV o r to ground. If the handshake inputs are not 
needed, t he CT S in puts s hould be tied low to enable the transmit- 
ters. The DCD and DSR inputs may either be tied high or low. 


RESET INITIALIZATION 

During power on initialization, all readable registers should be read 
to assure that the status registers are initialized. Specifically, the 
RDRF bit of the Interrupt Status Registers is not initialized by reset. 
The Receiver Data Registers must be read to clear this bit. 


BAUD RATE CLOCK OPTIONS 

The receiver and transmitter clocks may be supplied either by the 
Internal Baud Rate Generator or by user supplied external clocks. 
Both channels may use the same clock source or one may use 
the Baud Rate Generator and the other channel external clocks. 
If both channels use the Baud Rate Generator, each channel may 
have a different bit rate. The options are shown in Figure 5. 

An internal clock oscillator supplies the time base for the Baud 
Rate Generator. The oscillator can be driven by a crystal or an 
external clock. 


If the on-chip oscillator is driven by a crystal, a parallel resonant 
crystal is connected between the XTALI and XTALO pins. The 
equivalent oscillator circuit is shown in Figure 6. 


A parallel resonant crystal is specified by its load capacitance and 
series resonant resistance. For proper oscillator operation, the load 
capacitance (Cl), series resistance (Rs) and the crystal resonant 
frequency (F) must meet the following two relations: 


(C + 2) = 2Cl or 


Rs — Rsmax — 


C = 2Cl - 

2x106 

(FCl)2 


2 


where: F is in MHz; C and Cl are in pF; R is in ohms. 


To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer’s catalog. Next, 
calculate Rsmax based on F and Cl- The selected crystal must 
have a Rs less than the Rsmax- 
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CLOCK INPUT 


LTLiULTL 


OPEN CIRCUIT 



Baud rate determined by XTALI fre- 
quency and 1 of 15 divisors selected in 
CR1 and CR2. CR1 and CR2 must not be 
set to all ones. 

Channel 1 baud rate may be different 
from channel 2 baud rate. 

Receiver baud rate must be the same as 
transmitter baud rate. 


A. Both Channels Use Internal Baud Rate Generator 


16 X Tx BAUD RATE 

fumji 

16 X Rx BAUD RATE 

iTLrLrir 


INTERNAL CLOCK 
OSCILLATOR DISABLED 



• Transmitter baud rate 1/16 TxC input 
frequency. 

• Receiver baud rate 1/16 RxC input 
frequency. 

• Channel 1 baud rate is the same as 
channel 2 baud rate. 

• Receiver baud rate may be different from 
transmitter baud rate. 

• Bits 3-0 of CR1 and CR2 must be set to 
all ones. 


B. Both Channels Use External Clocks 


16 X Tx BAUD RATE 

liinr- 

16 X Rx BAUD RATE 

iniL- 


CLOCK INPUT 

uw 


OPEN CIRCUIT 


16 X Tx BAUD RATE 


UliL 

16 X Rx BAUD R 

"uin_ 



Channel 1 baud rate may be different 
from channel 2 baud rate. 

Transmitter baud rate may be different 
from receiver baud rate on channel 
using external clock. 


C. One Channel Uses Internal Baud Rate Generator; 
One Channel Uses External Clocks 


Figure 5. Baud Rate Clock Options 
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I The series resistance of the crystal must be less than 



Figure 6. 

For example, if Cl = 22 pF for a 3.6864 MHz parallel resonant 
crystal, then 

C = (2 X 22) - 2 = 42 pF (use standard value of 43 pF) 


Rsmax = = 304 ohms 

(3.6864 X 22)2 

If the on-chip oscillator is driven by an external clock, the clock 
is input at XTALI and XTALO is left open. 

An internal counter/divider circuit divides the frequency input at 
XTALI by the divisor selected in bits 3 through 0 of the Control 
Registers. Table 5 lists the divisors that may be selected and shows 
the bit rates generated with a 3.6864 MHz crystal or clock input. 
Other bit rates may be generated by changing the clock or crys- 
tal frequency. However, the input frequency must not exceed 
4 MHz. 


For external clock operation, a transmitter times 16 clock must be 
supplied at TxC and a receiver times 16 clock must be input at RxC. 
Since there are separate receiver and transmitter clock inputs, the 
receiver data rate may be different from the transmitter data rate. 


Table 5. Baud Rate Generator Divisor Selection 


Divisor Selected 

For The 

Internal Counter 

Baud Rate Generated 

With 3.6864 MHz 

Crystal or Clock 

Baud Rate Generated* 
With a Crystal or Clock 
of Frequency (f) 

73,728 

(3.6864 x10«)/73,728 = 50 

f/73,728 

33,538 

(3.6864 x10«)/33,538 = 109.92 

f/33,538 

27,408 

(3.6864 x10®)/27,408 = 134.58 

f/27,408 

24,576 

(3.6864 x10«)/24, 576 = 150 

f/24,576 

12,288 

(3.6864 x10«)/1 2,288 = 300 

f/1 2,288 

6,144 

(3.6864 x10®)/6, 144 = 600 

f/6,144 

3,072 

(3.6864 x10«)/3, 072 = 1,200 

f/3,072 

2,048 

(3.6864 x10®)/2,048 = 1,800 

f/2,048 

1,536 

(3.6864 x10«)/1 ,536 = 2,400 

f/1 ,536 

1,024 

(3.6864 x10«)/1 ,024 = 3,600 

f/1 ,024 

768 

(3.6864x10«)/768 = 4,800 

f/768 

512 

(3.6864 x10®)/51 2 = 7,200 

f/512 

384 

(3.6864 x10«)/384 = 9,600 

f/384 

192 

(3.6864 x10®)/1 92 = 19,200 

f/1 92 

96 

(3.6864 x10®)/96 = 38,400 

f/96 


Transmitter Baud Rate = TxC/16 Receiver Baud Rate = RxC/16 


*Baud Rate = 


Frequency 
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CONTINUOUS DATA TRANSMIT 

In the normal operating mode, the TORE bit in the ISR signal s the 
MPU that the DACIA is ready to accept the next data word. An IRQ 
occurs if the corresponding TORE IRQ enable bit is set in the lER. 
The TORE bit is set at the beginning of the start bit. When the MPU 
writes a word to the TDR the TORE bit is cleared. In order to main- 
tain continuous transmission the TDR must be loaded befor e the 
stop bit(s) are ended. Figure 7 shows the relationship between IRQ 
and TxD for the Continuous Data Transmit mode. 


TRANSMIT UNDERRUN CONDITION 

If the MPU is unable to load the TDR before the last stop bit is sent, 
the TxD line goes to the MARK condition and the underrun flag 


CAUTION: 

When the Baud Rate Generator is the clock source, writing 
to the Format or Control Register of a channel with an active 
transmitter can result in loss of data. Do not write to the Con- 
trol or Format Register when the transmitter is shifting out 
data. This precaution does not apply to channels using the 
external clock option, i.e., TxC. 


(TUR) is set. This condition persists until the TD R is loaded with 
a new word. Figure 8 shows the relation between IRQ and TxD for 
the Transmit Underrun Condition. 
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TRANSMIT BREAK CHARACTER 

A BREAK may be transmitted by setting bit 1 of the ACR (Trans- 
mit Break bit) to a 1 . The BREAK is transmitted after the charac- 
ter in the Transmit Shift Register is sent. If there is a character in 
the Transmit Data Register, it will be transmitted after the BREAK 
is terminated. The Transmit Break bit must remain set for at least 


one character time to assure that a proper BREAK is transmitted. 
If the Transmit Break bit is cleared before one character time of 
BREAK has been transmitted, the BREAK will be terminated after 
one character time has elapsed. If the Transmit Break bit is cleared 
after one character time of BREAK has been transmitted, the 
BREAK will be t ermi nated immediately. Figure 9 shows the rela- 
tionship of TxD, IRQ and ACR bit 1 for various BREAK options. 



Figure 9. Transmit BREAK 


EFFECTS OF CTS ON TRANSMITTER 

The CTS control line controls the transmission of data or the hand- 
shaking of data to a “busy” device (such as a printer). When the 
CTS line is low, the transmitter operates normally. A high condi- 
tion inhibits the TORE bit in the ISR from becoming set. Transmis- 
sion of the word currently in th e shi ft register is completed but any 
word in the TDR is held until CTS goes low. 


Any transition on CTS sets bit 5 (CTST) of the ISR. A high on CTS 
forces bit 6 (TORE) of the ISR to a 0. Bit 7 of the ISR also goes 
to a 1 when CTS is high, if Echo Mode is disabled. Thus, when 
the ISR is $80, it means that CTS is high and no interrupt source 
requires service. A processor interrupt will not be generated under 
these circumstances, but an ISR polling routine should accom- 
modate this. 


M'.K 


NEXT CHARACTER IS SENT IMMEDIATELY 
UPON CTS GOING LOW IF PROCESSOR 
HAS ALREADY LOADED NEW DATA, 
CONTINUOUS MARK OTHERWISE IT WAITS FOR NEW DATA. 


NEXT 

CHARACTER 
IS NOT SENT 
TORE IS NOT SET 


WHEN PROCESSOR 
FINALLY LOADS 
NEW DATA, 


IRQ AGAIN transmission STARTS 


CLEAR-TO-SEND 


INTERRUPT OCCURS, 
INDICATING TRANSMIT 
DATA REGISTER EMPTY 


Figure 10, Effects of CTS on Transmitter 
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ECHO MODE TIMING 


In the Echo Mode, the TxD line re-transmits the data received on 
the RxD line, delayed by 1/2 of a bit time. An internal underrun 
mode must occur before Echo Mode will start transmitting. In nor- 
ma! transmit mode if TORE occurs (indicating end of data) an 


underflow flag would be set and continuous Mark transmitted. If 
Echo is initiated, the underflow flag will not be set at end of data 
and continuous Mark will not be transmitted. Figure 11 shows the 
relationship of RxD and TxD for Echo Mode. 


STOP START 


STOP START 


END OF 

STOP DATA 


RxD J + I i I Bo I B, I [B,| P I + | t | Bp | B, | | B, | P | j ^ 

\ \ \ \ \ \ \ \ 

TxD Trn I iboIb, r i b j p i i i ♦ KRl" raTTT 


CONTINUOUS MARK 
IF NOT ECHO MODE 


STOP START 


STOP START 


Figure 11. Echo Mode Timing 


IF ECHO MODE, 

. NO UNDERFLOW, 
THEREFORE NO 
CONTINUOUS MARK 


CONTINUOUS DATA RECEIVE 

The normal receive mode sets the RDRF bit in the ISR when the 
DACIA channel has received a full data word. This occurs at about 
the 9/16 point through the stop bit. The processor must read the 
RDR before the next stop bit, or an ov errun error occurs. Figure 12 
shows the relationship between IRQ and RxD for the continuous 
Data Receive mode. 


When the Baud Rate Generator is the clock source, writing 
to the Control or Format Registers of a channel with an active 
receiver can result in loss of data. Do not write to the Con- 
trol or Format Registers when the receiver is shifting in data. 
This precaution is not necessary on channels using the 
external clock option, i.e., RxC. 


CHAR #n + 1 


CHAR #n + 2 


CHAR #n + 3 


RxD 4 Bo bJ Bn p 


Bo Bj Bn P 


STOP' START 


Bo Bj Bn P 


Bo Bj Bn P 


STOP START 


STOP START 


IRQ PROCESSOR T \ 

INTERRUPT OCCURS J \ 

ABOUT 9/16 INTO X \ 

LAST STOP BIT ' 

PARITY OVERRUN, PROCESSOR READS 

AND FRAMING ERROR ISR, CAUSES 

UPDATED ALSO IRQ TO CLEAR 


PROCESSOR MUST READ 
RECEIVER DATA IN THIS 
TIME INTERVAL, OTHERWISE 
OVERRUN OCCURS 


Figure 12. Continuous Data Receive 
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EFFECTS OF OVERRUN ON RECEIVER 

If the processor does not read the RDR before the stop bit of the 
next word, an overrun error occurs, the overrun bit is set in the ISR, 
and the new data word is not transferred to the RDR. The RDR 


contains the last word not read by the MPU and all following data 
is lost. The receiver will return to normal oper ation when the RDR 
is read. Figure 13 shows the relationship of IRQ and RxD when 


overrun occurs. 


CHAR #n + 1 


CHAR #n + 2 


CHAR #n + 3 


Bo bJ bJ P . I Bo bJ B, P 


STOP! START 


STOP START 


STOP START 




I STOP! START 


PROCESSOR 
INTERRUPT 
FOR RECEIVER 
DATA REGISTER 
FULL 


/ 

MPU DOES 
NOT READ 
RDR. OVERRUN 
BIT SET 


MPU READS 

ISR 

CLEARS IRQ 


'^CHAR #n + 2 
IRQ. 

CHAR #n + 1 
IS LOST 


Figure 13. Effects of Overrun on Receiver 


RECEIVE BREAK CHARACTER 

In the event that a Break character is received by the receiver, the 
Break bit is set. The receiver does not set the RDRF bit and 
remains in this state until a stop bit is received. At this time the 


next chara cter is to be received normally. Figure 14 shows the rela- 
tionship of IRQ and RxD for a Receive Break Character. 


I Bl I 


STOP START 


CONTINUOUS “BREAK” 


STOP START 


PROCESSOR 

INTERRUPT 

FOR 

RECEIVER 
DATA REGISTER 
FULL 


I U 

■ k 


NO— H 
MORE 

INTERRUPTS 


NO INTERRUPT 
SINCE RECEIVER. 
DISABLED UNTIL 
FIRST START BIT 


PROCESSOR uioMDi_cu ui>i 1 II. 

INTERRUPT FIRST START BIT 

WITH BREAK AND FRAMING ERROR BIT SET. 
EVEN PARITY CHECK WILL ALSO GIVE A PARITY 
ERROR BECAUSE ALL ZEROS (CONTINUOUS 
BREAK) REPRESENT EVEN PARITY. 


NORMAL 

RECEIVER 

INTERRUPT 


Figure 14. Receive Break Character 
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FRAMING ERROR 

Framing error is caused by the absence of stop bit(s) on received reflects the last data word received. Figure 15 shows the relation- 

data. The framing error bit is set when the RDRF bit is set. Sub- ship of IRQ and RxD when a framing error occurs, 

sequent data words are tested separately, so the status bit always 


STOP STOP START 
1 2 


STOP STOP START 


RxD 

(EXPECTED) 


r7i_ 


Bo B, 


vfi/r 



BIT SET 


Figure 15. Framing Error 


PARITY ERROR DETECT/ADDRESS 
FRAME RECOGNITION 

The Parity Status bit (ISR bit 2) may be programmed to indicate 
parity errors (ACR bit 0 = 0) or to display the parity bit received 
(ACR bit 0 = 1). 

In applications where parity checking is used, one of the parity 
checking modes Is enabled by setting bits 2, 3 and 4 of the For- 
mat Register to the desired option and bit 0 of the Auxiliary Con- 
trol Register is reset to 0. Then, when the RDRF bit (bit 0) is set 
in the ISR, the PAR bit (bit 2) will be set when a parity error is 
detected. 

In multi-drop applications, the parity bit Is used as an address/data 
flag. It Is set to 1 for address frames and is 0 on data frames. For 


this type of operation, bit 0 of the ACR is set to a 1 and bits 2, 3 
and 4 of the FR select a parity checking mode. Then, ISR bit 2 will 
be set to a 1 by incoming address frames and it will be a 0 on data 
frames. 


COMPARE MODE 

The Compare Mode is automatically enabled, i.e., the channel is 
put to sleep, whenever data is written to the Compare Data 
Register. NOTE; Bit 6 of the Control Register must be set to 0 to 
enable access to the Compare Data Register. When the channel 
is in the compare mode, the RDRF bit (bit 0 of the ISR) is forced 
to a 0. Upon receipt of a matching character, normal receiver oper- 
ation resumes and the RDRF bit (bit 0 of the ISR) will be set upon 
receipt of the next character. 
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SPECIFICATIONS 


DACIA READ/WRITE WAVEFORMS 



DACIA READ/WRITE CYCLE TIMING 

(Vcc = 5 Vdc ±5%, Vss = 0 Vdc, Ta = T|_ to Th, unless otherwise noted) 

Number Characteristic Symbol 

1 R/W, RS0-RS2 Valid to CS Low (Setup) Trsu 

2 CS Low to R/W, RS0-RS2 Invalid (Hold) Trh 

3 ^ Pulse Width Tcp 

4 CS Low to DTACK Low Jqji 

5 ^ High to DTACK High Tcjh 

6 CS Low to Data Valid (Read) Tcdv 

7 DTACK Low to Data Valid (Read) Tjdv 

8 CS High to Data Invalid (Read) Tqdr 

9 Data Valid to CS High (Write, Setup) Tqsu 

10 CS High to Data Invalid (Write Hold) Tqdw 

1 1 DS Low to CS Low (Delay for CS Tqsc 

derived from Data Strobe) 
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DACIA TRANSMIT/RECEIVER WAVEFORMS 



DACIA INTERRUPT ACKNOWLEDGE WAVEFORMS 



TRANSMIT/RECEIVE AND INTERRUPT ACKNOWLEDGE TIMING 

(Vcc = 5 Vdc ± 5%, Vgs = 0 Vdc, = Tl to Th, unless otherwise noted) 
Number [ Characteristic | S 

TRANSMIT/RECEIVE TIMING 


12 

Transmit/Receive Clock Rate 

13 

Transmit/Receive Clock High 

14 

Transmit/Receive Clock Low 

15 

TxC, RxC to TxD Propagation Delay 

16 

TxC, RxC to IRQ Propagation Delay 

17 

CTS, DCD, D^ Valid to Low 

18 

Propagation Delay (Clear) 

19 

RTS, DTR Propagation Delay 



INTERRUPT ACKNOWLEDGE TIMING 


20 

lACK Low to Data Valid 

21 

lACK Low to DTACK Low 

22 

lACK High to DTACK High 

23 

lACK High to Data Invalid 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.3 to +7.0 

Vdc 

Input Voltage 

V|N 

- 0.3 to Vcc + 0-3 

Vdc 

Output Voltage 

VOUT 

— 0.3 to Vcc 

Vdc 

Operating Temperature 
Commercial 

Industrial 

Ta 

Oto +70 
-40 to +85 


Storage Temperature 

Tstg 

-55 to +150 



NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Supply Voltage 

< 

o 

o 

5V±5% 

Temperature Range 
Commercial 

Industrial 

Ta 

0 to 70°C 
-40°Cto +85°C 


DC CHARACTERISTICS 

(Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Test Conditions 

Input High Voltage 

V,H 




V 


Except XTALI and XTALO 


+ 2.0 

— 

Vcc 0.3 



XTALI and XTALO 


+ 2.4 

— 

Vcc + 0.3 



Input Low Voltage 

V,L 




V 


Except XTALI and XTALO 


-0.3 

— 

+ 0.8 



XTALI and XTALO 


-0.3 

— 

+ 0.4 



Input Leakage Current 

l|N 

— 

10 

50 

mA 

V|N = OV to 5.0V 

R/W, RES, RSO, RSI, RS2, RxD, CTS, DCD, DSR, RxC, 
TxC, CS, lACK 






Vcc = 5.25V 

Input Leakage Current for Three-State Off 

Ijsi 

— 

±2 

10 

fiA 

V,N = 0.4V to 2.4V 

D0-D7 






Vcc = 5.25V 

Output High Voltage 

X 

>° 

+ 2.4 

— 

— 

V 

Vcc = 4.75V 

D0-D7, TxD, CLK OUT, RTS, DTR 






Load = -100 /lA 

Output Low Voltage 

VoL 

— 

_ 

+ 0.4 

V 

Vcc = 4.75V 

D0-D7, TxD, CLK OUT, RTS, DTR 






Load = 1.6 mA 

Output Leakage Current (Off State) 

Iqff 

— 

±2 

±10 

tA 

Vcc = 5.25V 

IRQ, DTACK 






Vqut = 0 to 2.4V 

Power Dissipation 

Pd 

_ 

- 

10 

mW/MHz 


Input Capacitance 

C|N 





Vcc = 5.0V 

Except XTALI and XTALO 


— 

— 

5 

PF 

V|N = OV 

XTALI and XTALO 


— 

— 

10 

PF 

f = 2 MHz 

Output Capacitance 

Cqut 

- 


10 

pF 

Ta = 25°C 


Notes: 


1. All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. Typical values are shown for \/qq = 5.0V and = 25°C. 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


tt 

L B 

li 


"HtLo 

40-PIN PLASTIC DIP 


.-Ik 


TTj 


I 1 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

^^3 

A 

50.29 

51.31 

1.980 

2.020 

B 

15.11 

15.88 

0 595 


C 

2.54 

4 19 

0.100 


D 

0 38 

0.53 

0 015 


F 

0 76 

1.27 

0.030 

0.050 

G 

2.54 BSC 

0.100 BSC 

H 

0.76 

1.78 

0 030 

0.070 

J 

0 20 

0.33 

0.008 


K 

2 54 

4.19 

0 100 


L 

14.60 

15.37 

0 575 


M 

0° 

10° 

0° 

10° 

N 

0 51 

1.52 

0.020 

0 060 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

51 82 

52.32 

2.040 

2.060 

B 

13 46 

13.97 

0 530 

0.550 

C 

3.56 

5 08 

0.140 

0.200 

D 

0.38 

0.53 

0.015 

0.021 

F 

1 02 

1.52 

0.040 

0 060 

G 

2.54 BSC 

0 100 BSC 

H 

1.65 

2.16 

0.065 

EBI 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.30 

4.32 

0.130 

0.170 

L 

15.24 BSC 

0.600 BSC 

M 

7° 

10° 

7° 

10° 

N 

0.51 

1.02 

0.020 

0.040 


44-PIN PLASTIC LEADED CHIP CARRIER (PLCC) 



SEATING PLANE 



SIDE VIEW 



CHAM. 11 PINS EJECTOR PIN MARKS 
h X 45® PER SIDE 4 PLCS BOTTOM OF 
3 PLCS EQUALLY PACKAGE ONLY 

SPACES (TYPICAL) 

BOTTOM VIEW 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4 14 

4 39 

0.163 


A1 

1.37 

1.47 

0.054 

0.058 

A2 

2.31 

2.46 

0.091 


b 

0.457 TYP 

0.018 TYP 

D 

17.45 

17.60 

0.687 


D1 

16.46 

16.56 

0.648 


D2 

12.62 

12.78 

0.497 

IHHilcl 

D3 

15.75 REF 

0.620 REF 

e 

1 .27 BSC 

0.050 BSC 

h 

1.15TYP 

0.045 TYP 

J 

0.25 TYP 

0.010 TYP 

a 

45° TYP 

45° TYP 

R 

0.89 TYP 

0.035 TYP 

R1 

0.25 TYP 

0.010 TYP 
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Muiti-Protocoi Communications 
Controlier (MPCC) 

DESCRIPTION 

FEATURES 


The R68560, R68561 Multi-Protocol Communications Controller 
(MPCC) interfaces a single serial communications channel to 
a 68008/68000 microcomputer-based system using either asyn- 
chronous or synchronous protocol. High speed bit rate, auto- 
matic formatting, low overhead programming, eight character 
buffering, two channel DMA interface and three separate inter- 
rupt vector numbers optimize MPCC performance to take full 
advantage of the 68008/68000 processing capabilities and 
asynchronous bus structure. 

In synchronous operation, the MPCC supports bit-oriented 
protocols (BOP), such as SDLC/HDLC, and character-oriented 
protocols (COP), such as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting, synchronizing, validation and error 
detection is performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (ASYNC) and 
isochronous (ISOC) modes are also supported. In addition, 
modem interface handshake signals are available for general 
use. 

Control, status and data are transferred between the MPCC and 
the microcomputer bus via 22 directly addressable registers and 
a DMA interface. Two first-in first-out (FIFO) registers, address- 
able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more MPU 
processing time to service data received or to be transmitted 
and to maximize bus throughput, especially during DMA oper- 
ation. The two-channel Direct Memory Access (DMA) interface 
operates with the MC68440/MC68450 DMA Controllers. Three 
prioritized interrupt vector numbers separately support receiver, 
transmitter and modem interface operation. 

An on-chip oscillator drives the internal baud rate generator 
(BRG) and an external clock output with an 8 MHz input crystal 
or clock frequency. The BRG, in conjunction with two selecta- 
ble prescalers and 16-bit programmable divisor, provides a data 
bit rate of DC to 4 MHz. 

The 48-pin R68561 supports word-length (16-bit) operation when 
connected to the 68000 1 6-bit asynchronous bus, as well as byte- 
length (8-bit) operation when connected to the 68008 8-bit bus. 
The 40-pin R68560 supports byte-length operation on the 68008 
bus. 


• Full duplex synchronous/asynchronous receiver and transmitter 

• Implements IBM Binary Synchronous Communications (BSC) 
in two coding formats: ASCII and EBCDIC 

• Supports other synchronous character-oriented protocols 
(COP), such as six-bit BSC, X3.28k, ISO IS1745, ECMA-16, etc. 

• Supports synchronous bit oriented protocols (BOP), such as 
SDLC, HDLC, X.25, etc. 

• Asynchronous and isochronous modes 

• Modem handshake interface 

• High speed serial data rate (DC to 4 MHz) 

• Internal oscillator and baud rate generator with programma- 
ble data rate 

• Crystal or TTL level clock input and buffered clock output 
(8 MHz) 

• Direct interface to 68008/68000 asynchronous bus 

• Eight-character receiver and transmitter buffer registers 

• 22 directly addressable registers for flexible option selection, 
complete status reporting, and data transfer 

• Three separate programmable interrupt vector numbers for 
receiver, transmitter and serial interface 

• Maskable interrupt conditions for receiver, transmitter and 
serial Interface 

• Programmable microprocessor bus data transfer; polled, Inter- 
rupt and tworchannel DMA transfer compatible with 
MC68440/MC68450 

• Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 

• Selectable full/half duplex, autoecho and local loop-back 
modes 

• Selectable parity (enable, odd, even) and CRC (control field 
enable, CRC-16, CCITT V.41, VRC/LRC) 


ORDERING INFORMATION 


Part Number 
R6856 




Frequency 
4 MHz 


Temperature Range 
0°C to 70®C 


Package: C = Ceramic 
P = Plastic 

- Number of pins: 0 = 40 
1 = 48 


Document No. 68650N06 


Product Description 


Order No. 705 
Rev. 6, June 1987 
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NOTES: 

1. R68560 ONLY. 

2. R68561 ONLY. 

3. ON R68561 ^ ON R68560 

4. LDS ON R68561 DS ON R68560 


Figure 1. MPCC Block Diagram 


PIN DESCRIPTION 

Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independently of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Actiy^low signals are denoted by a superscript bar. For 
example, RAA^ indicates write is active low and read is active 
high. 

Note: The R68561 interface is described for word mode opera- 
tion only and the R68560 interface is described for byte 
mode operation only. 


A1-A4— Address Lines. A1-A4 are active high inputs used in 
conjunction with the CS input to access the internal registers. 
The address map for these registers is shown in Table 1. 


D0-D15— Data Lines. The bidirectional data lines transfer data 
between the MPCC and the MPU, memory or other peripheral 
device. D0-D15 are used when connected to the 16-bit 68000 
bus and operating in the MPCC word mode. D0-D7 are used 
when connected to the 16-bit 68000 bus or the 8-bit 68008 bus 
and operatingjn the MPCC byte mode. The data bus is three- 
stated when CS is inactive. (See exceptions in DMA mode.) 
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CS— Chip Select. CS low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the CS 
input is inactive in non-DMA mode. CS must be decoded from 
the address bus and gated with address strobe (AS). 


R/W— Read/Write. RA/V controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 


DTACK— Data Transfer Acknowledge. DTACK is an active 
low output that signals the completion of the bu s cycle. During 
read or interrupt acknowledge cycles, DTACK is asserted by 
the MPCC after data has been provided on the data bus; during 
write cycl es it is a sserted after data has been accepted at the 
data bus. DTACK is driven high after assertion p rior to b eing 
tri-stated. A holding resistor is required to maintain DTACK high 
between bus cycles. 


PS— Data Strobe (R68560). During a write (R/W low), the 
DS positive transition latches d^ on da^bus lines D0-D7 
into the MPCC. During a read (R/W high), DS low enables data 
from the MPCC to data bus lines D0-D7. 


LDS— Lower Data Strobe (R68561). During a write (R/W low), 
the positive transiti on lat ches data on the data bus lines D0-D7 
(an^on D8 -D15 if UDS is low) into the MPCC. During a read 
(R/W high), LDS l ow en ables data from the MPCC to D0-D7 
(and to D8-D15 if UDS is low). 


AO— Address Line AO (R68560). When interfacing to an 8-bit 
data bus system such as the 68008, address line AO is used 
to access an internal register. AO = 0 defines an even register 
and AO = 1 defines an odd register. See Table 1b. 


UDS— Upper Data Strobe (R68561). When interfacing to a 
16-bit data b us system such as the 68000, a low on control bus 
signal UD S ena bles access to the upper data byte on D8-D15. 
A high on UDS disables acce ss to D8-D15. Data is latched and 
enabled in conjunction with LDS. 

IRQ— Interrupt Request. Th e act ive low IRQ output requests 
interrupt service by the MPU. IRQ is driven high after assertion 
prior to being tri-stated. 

lACK— Interrupt Acknowledge. The active low lACK input 
indicates that the c urrent bus cycle is an interrupt acknowledge 
cycle. When lACK is asserted the MPCC places an interrupt 
vector on the lower byte (D0-D7) of the data bus. 


TDSR— Transmitter Data Servi ce Req uest. When Trans- 
mitter DMA mode is active, the low TDSR output requests DMA 
service. 


RDSR— Receiver Data Service Request. When receiver DMA 
mode is active, the low RDSR output requests DMA service. 


PACK- DMA Acknowledge. The DACK low input indicates 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 

DTC— Data Transfer Complete. On a 68000 bus, the DTC low 
input indicat es tha t a DMA data tr ansfer w as completed with no 
bus conflicts. DTC in response to a RDSR in dicat es that the data 
h as bee n successfully stored in memory. DTC in response to 
a TDSR indicates that the data is present on the data bus for 
strobing into the MPCC. If not used, this input should be con- 
nected to ground. 


DATA 

BUS 

ADDRESS 

BUS 


ASYNCHRONOUS 

BUS 

CONTROL 


DMA 

CONTROL 


INTERRUPT 

CONTROL 


^ D0-D15 


RTS ^ 

< ^ 


A1-A4 K 


^ CTS 

t ^ 


DTR ^ 

^ UDS/AO 


< ^ > 

LDS/DS ^ 


^ DCD 

^ X 




R/W ^ 

R68560/ 

R68561 

MPCC 

TxD 


^ DTACK 

L Txc r 

RESET ^ 



* ^ TD^ 

RxD 



1^ RxC 

^ RD^ 





DACK ^ 


^ EXTAL 


^ DONE ^ 


^ XTAL 

DTC ^ 


BCLK 

" IRQ 


^ M 








MODEM 

INTERFACE 


TRANSMITTER 

INTERFACE 


RECEIVER 

INTERFACE 


CLOCK 

INTERFACE 


Figure 2. MPCC Input and Output Signals 
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DONE — Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred, 
or asserted by the MPCC when the status byte following the last 
c haracte r of a frame (block) is being transferred in response to 
a RD SR. Th e DONE signal asserted by the DMAC in response 
to a TDSR will be stored to track with the data byte (lower 
byte for word transfer) through the TxFIFO. 


RESET— Reset. RESET is an active low, high im pedance 
input that initializes all MPCC functions. RESET must be 
asserted for at least 500 ns to initialize the MPCC. 

DTR— Data Terminal Ready. The DTR active low output is 
general purpose in nature, and is controlled by the DTRLVL bit 
in the Serial Interface Control Register (SICR). 

RTS— Request to Send. The RTS active low output is general 
purpose in nature, and is controlled by the RTSLVL bit in the 
SICR. 

CTS— Clear to Send. The CTS active low input positive transi- 
tion and level are reported in the CTST and CTSLVL bits in the 
Serial Interface Status Register (SISR), respectively. 

DSR— Data Set Ready. The DSR active low input negative 
transition and level are re ported in the DSRT and DSRLVL bits 
in the SISR, respectively. DSR is also an output for RSYN. 


DCD— Data Carrier Detect. The DCD active low input positive 
transition and level are reported in the DCDT and DCDLVL bits 
in the the SISR, respectively. 

TxD— Transmitted Data. The MPCC transmits serial data on the 
TxD output. The TxD output changes on the negative going edge 
of TxC. 

RxD— Received Data. The MPCC receives serial data on the RxD 
input. The RxD input is shifted into the receiver with the nega- 
tive going edge of RxC. 

TxC— Transmitter Clock. TxC can be programmed to be an input 
or an output. When TxC is selected to be an input, the transmitter 
clock must be provided externally. When TxC is programmed to 
be an output, a clock is generated by the MPCC’s internal baud 
rate generator. 

RxC— Receiver Clock. RxC provides the MPCC receiver with 
received data timing information. 

EXTAL— Crystal/External Clock Input. 

XTAL Crystal Return. EXTAL and XTAL connect a 20 kHz to 
8.064 MHz parallel resonant external crystal to the MPCC inter- 
nal oscillator (see CLOCK OSCILLATOR). The pin EXTAL may 
also be used as a TTL level input to supply DC to 8 MHz ref- 
erence timing from an external clock source. XTAL must be tied 
to ground when applying an external clock to the EXTAL input. 

BCLK— Buffered Clock. BCLK is the internal oscillator buffered 
output available to other MPCC devices eliminating the need for 
additional crystals. 

Vcc— Power. 5V ±5%. 

GND— Ground. Ground (Vgs)- 
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MPCC REGISTERS 

Twenty-two registers control and monitor the MPCC operation. 
The registers and their addresses are identified in Table 1a 
(R68561 operation in word mode) and in Table 1b (R68560 oper- 
ation in byte mode). When the R68561 is operated in the word 
mode, two registers are read or written at a time starting at an 
even boundary. When the R68560 is operated in the byte mode, 
each register is explicitly addressed based on AO. 


Table 2 summarizes the MPCC register bit assignments and their 
access. A read from an unassigned location results in a read 
from a “null register.” A null register returns all ones for data 
and results in a normal bus cycle. Unused bits of a defined 
register are read as zeros unless otherwise noted. 


Table la. R68561 Accessible Registers (Word Mode) 


Register(s) 

R/W 

Addr 

(Hex.) 

Address Lines 

A4 A3 A2 A1 


15 (Odd Registers) 8 7- - (Even Registers) -0 


Receiver Control Register (RCR) 

Receiver Status Register (RSR) 

R/W 

00 

0 

0 

0 0 

Receiver Data Register (RDR)— 16 bits^ 


R 

02 

0 

0 

0 1 

Receiver Interrupt Enable Register (RIER) 

Receiver Interrupt Vector Number Register (RIVNR) 

R/W 

04 

0 

0 

1 0 


Transmitter Control Register (TCR) 

Transmitter Status Register (TSR) 

R/W 

08 

0 1 

0 0 

Transmitter Data Register (TDR)— 16 bits^ 


W 

OA 

0 1 

0 1 

Transmitter Interrupt Enable Register (TIER) 

Transmitter Interrupt Vector Number Register (TIVNR) 

R/W 

OC 

0 1 

1 0 


Serial Interface Control Register (SICR) 

Serial Interface Status Register (SISR) 

R/W 

10 

1 0 

0 0 

Reserved^ 

Reserved^ 

R/W 

12 

1 0 

0 1 

Serial Interrupt Enable Register (SIER) 

Serial Interrupt Vector Number Register (SIVNR) 

R/W 

14 

1 0 

1 0 


Protocol Select Register 2 (PSR2) 

Protocol Select Register (PSR1) 

R/W 

18 

110 0 

Address Register 2 (AR2) 

Address Register 1 (AR1) 

R/W 

1A 

110 1 

Baud Rate Divider Register 2 (BRDR2) 

Baud Rate Divider Register 1 (BRDR1) 

R/W 

1C 

1110 

Error Control Register (ECR) 

Clock Control Register (CCR) 

R/W 

IE 

1111 


Notes: 

1 . Accessible register of the four word RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first word. 

2. Accessible register of the four word TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first word. 

3. Reserved registers may contain random bit values. 


CLOCK OSCILLATOR 

An on-chip oscillator is designed for a parallel resonant crystal 
connected between XTLI and XTLO pins. The equivalent oscil- 
lator circuit is shown in the figure below. 



A parallel resonant crystal is specified by its load capacitance 
and series resonant resistance. For proper oscillator operation, 
the load capacitance (Cl), series resistance (Rg) and the crys- 
tal resonant frequency (F) must meet the following two relations: 


Ci = 2 Cl - 12 pF 


C 2 = 2Cl — 33 pF 


Rs / Rsmax 


2x10^ 

(FCl)2 


where: F is in MHz; C and Cl are in pF; R is in ohms. 

To select a parallel resonant crystal for the oscillator, first select 
the load capacitance from a crystal manufacturer’s catalog. Next, 
calculate Rgmax based on F and Cl. The selected crystal must 
have a Rg less than the Rgmax- 


For example. If Cl = 20 pF for an 8.064 MHz parallel resonant 
crystal, then 

Cl = 40 - 12 = 28 pF (Use standard value of 27 pF.) 

C 2 = 40 - 33 = 7 pF (Use standard value of 6.8 pF.) 

Note: Cx = Total Shunt Capacitance including that due to 
board layout. 


The series resistance of the crystal must be less than 
„ 2x10® 


(8.064x20)2 


= 77 ohms 
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Table 1b. R68560 Accessible Registers (Byte Mode) 


Register(s) 


R/W 


Addr 

(Hex.) 


Address Lines 

A4 A3 A2 A1 AO 


7 0 


Receiver Status Register (RSR) 

R/W 

00 

0 

0 

0 

0 

0 

Receiver Control Register (RCR) 

R/W 

01 

0 

0 

0 

0 

1 

Receiver Data Register (RDR)— 8 bits^ 

R 

02 

0 

0 

0 

1 

0 

Reserved^ 


03 

0 

0 

0 

1 

1 

Receiver Interrupt Vector Number Register (RIVNR) 

R/W 

04 

0 

0 

1 

0 

0 

Receiver Interrupt Enable Register (RIER) 

R/W 

05 

0 

0 

1 

0 

1 


Transmitter Status Register (TSR) 

R/W 

08 

0 

1 

0 

0 

0 

Transmitter Control Register (TCR) 

R/W 

09 

0 

1 

0 

0 

1 

Transmitter Data Register (TDR)2— 8 bits 

W 

OA 

0 

1 

0 

1 

0 

Reserved^ 


OB 

0 

1 

0 

1 

1 

Transmitter Interrupt Vector Number Register (TIVNR) 

R/W 

OC 

0 

1 

1 

0 

0 

Transmitter Interrupt Enable Register (TIER) 

R/W 

OD 

0 

1 

1 

0 

1 


Serial Interface Status Register (SISR) 

R/W 

10 

1 0 

0 

0 

0 

Serial Interface Control Register (SICR) 

R/W 

11 

1 0 

0 

0 

1 

Reserved^ 


12 

1 0 

0 

1 

0 

Reserved^ 


13 

1 0 

0 

1 

1 

Serial Interrupt Vector Number Register (SIVNR) 

R/W 

14 

1 0 

1 

0 

0 

Serial Interrupt Enable Register (SIER) 

R/W 

15 

1 0 

1 

0 

1 


Protocol Select Register 1 (PSR1) 

R/W 

18 

1 1 0 

0 

0 

Protocol Select Register 2 (PSR2) 

R/W 

19 

1 1 0 

0 

1 

Address Register 1 (AR1) 

R/W 

1A 

1 1 0 

1 

0 

Address Register 2 (AR2) 

R/W 

IB 

110 11 

Baud Rate Divider Register 1 (BRDR1) 

R/W 

1C 

1 1 1 

0 

0 

Baud Rate Divider Register 2 (BRDR2) 

R/W 

ID 

1 1 1 

0 

1 

Clock Control Register (CCR) 

R/W 

IE 

1 1 1 

1 

0 

Error Control Register (ECR) 

R/W j 

IF 

1 1 1 

1 

1 


Notes: 

1. Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 

2. Accessible register of the eight byte TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first byte. 

3. Reserved registers may contain random bit values. 
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Table 2. MPCC Register Bit Assignments 


R/W 

Access 

Bit Number | 

ResetO) 

Value 

7 

6 

5 

4 

3 

2 

1 

0 

R/W 

RDA 

EOF 

0 

C/PERR 

FRERR 

ROVRN 

RA/B 

RIDLE 

00 

R/W 

0 

RDSREN 

DONEEN 

RSYNEN 

STRSYN 

0 

RABTEN 

RRES 

01 

R 

RECEIVER DATA (RxFIFO)2 

-- 

R/W 

RECEIVER INTERRUPT VECTOR NUMBER (RIVN) 

OF 

R/W 

RDA 

IE 

EOF 

IE 

0 

C/PERR 

IE 

FRERR 

IE 

ROVRN 

IE 

RA/B 

IE 

0 

00 


Receiver Status 
Register (RSR) 

Receiver Control 
Register (RCR) 

Receiver Data 
Register (RDR) 

Receiver Interrupt Vector 
Number Register (RIVNR) 

Receiver Interrupt Enable 
Register (RIER) 


R/W 

TDRA 

TFC 

0 

0 

0 

TUNRN 

TFERR 

0 

80 

R/W 

TEN 

TDSREN 

TICS 

THW 

TLAST 

TSYN 

TABT 

TRES 

01 

W 

TRANSMITTER DATA (TxFIFO)2 

-- 

R/W 

TRANSMITTER INTERRUPT VECTOR NUMBER (TIVN) 

OF 

R/W 

TDRA 

IE 

TFC 

IE 

0 

0 

0 

TUNRN 

IE 

TFERR 

IE 

0 

00 


Transmitter Status 
Register (TSR) 

Transmitter Control 
Register (TCR) 

Transmitter Data 
Register (TDR) 

Transmitter Interrupt Vector 
Number Register (TIVNR) 

Transmitter Interrupt Enable 
Register (TIER) 


R/W 

CTST 

DSRT 

DCDT 

CTSLVL 

DSRLVL 

DCDLVL 

0 

0 

00 

R/W 

RTSLVL 

DTRLVL 

0 

0 

0 

ECHO 

TEST 

0 

00 


RANDOM BIT VALUES 



RANDOM BIT VALUES 


R/W 

SERIAL INTERRUPT VECTOR NUMBER (SIVN) 

OF 

R/W 

CTS 

IE 

DSR 

IE 

DCD 

IE 

0 

0 

0 

0 

0 

00 


Serial Interface Status 
Register (SISR) 

Serial Interface Control 
Register (SICR) 

(reserved) 


(reserved) 

Serial Interrupt Vector 
Number Register (SIVNR) 

Serial Interrupt Enable 
Register (SIER) 


R/W 

0 

0 

0 

0 

0 

0 

CTLEX ADDEX 

00 

R/W 

WD/BYT 

STOP BIT SEL 

CHAR LEN SEL 

PROTOCOL SEL 

00 

SB2 1 SB1 

CL2 1 CL1 

PS3 1 PS2 1 PS1 

R/W 

BOP ADDRESS/BSC & COP PAD 

00 

R/W 

BOP ADDRESS/BSC & COP SYN 

00 

R/W 

BAUD RATE DIVIDER (LSH) 

01 

R/W 

BAUD RATE DIVIDER (MSH) 

00 

R/W 

0 

0 

0 

PSCDIV 

TCLKO 

RCLKIN 

CLK DIV 

00 

CK2 1 CK1 

R/W 

PAREN 

ODDPAR 

0 

0 

CFCRC 

CRCPRE 

CRC SEL 

04 

CR2 1 CR1 


Protocol Select 
Register 1 (PSR1) 

Protocol Select 
Register 2 (PSR2) 

Address Register 1 (AR1) 
Address Register 2 (AR2) 

Baud Rate Divider 
Register 1 (BRDRI) 

Baud Rate Divider 
Register 2 (BRDR2) 

Clock Control 
Register (CCR) 

Error Control 
Register (ECR) 


Notes: 

1. RESET = Register contents upon power up or RESET. 

2. 16-bits for R68561 (word mode); 8-bits for R68560 (byte mode). 
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REGISTER DEFINITIONS 


RECEIVER REGISTERS 
Receiver Status Register (RSR) 


7 

6 

5 

4 

3 

2 

1 

0 

RDA 

EOF 

0 

C/PERR 

FRERR 

ROVRN 

RA/B 

RIDLE 


Address = 00 Reset Value = $00 


The Receiver Status Register (RSR) contains the status of the 
receiver including error conditions. Status bits are cleared by 
writing a 1 into respective positions, by writing a 1 into the RCR 
RRES bit or by RESET. If an EOF, C/PERR, or FRERR is set 
in the RSR, the data reflecting the error (the next byte or word 
in the RxFIFO) must be read pri or to resetting the correspond- 
ing status bit in the RSR. The IRQ output is asserted if any 
of the conditions reported by the status bits occur and the cor- 
responding interrupt enable bit in the RIER is set. 

The RSR format is the same as the frame status format (see 
below) except as noted. 

RSR 

7 RDA —Receiver Data Available. (RSR only). 

0 The FxFIFO is empty (i.e., no received data is 
available). 

1 RDA is set and an interrupt issued (if enabled) when 
the RxFIFO has 1 to 8 bytes, or 1 to 4 words, of data 
in it. 

RDA Reset — RDA cannot be cleared or reset in software. It 
is initialized to 0 upon hardware reset and remains 0 if no data 
has been received. It is set to a 1 and an interrupt issued when 
a data byte/word is loaded to the RxFIFO with the negative edge 
of RxC coincident with the first bit of the next byte trans- 
mitted. It is automatically reset to 0 when the last byte/word is 
read from the RxFIFO by the host through RDR. 

RSR 

6 EOF —End of Frame. (BOP and BSC) 

0 No end of frame has been detected. 

1 The closing flag (BOP) or pad (BSC) has been 
detected. EOF is loaded in the RxFIFO along with the 
FSB with which it is associated. The EOF is loaded into 
the RSR and the interrupt issued, if enabled, (when 
the RxFIFO read poi nter is positioned at the FSB) with 
the trailing edge of LDS. 

EOF Reset — The byte/word containing the FSB must be read 
from the RxFIFO before resetting the EOF bit. Then EOF may 
be reset by writing a 1 to RSR6. 

RSR 

5 RHW —Receive Half Word. (Frame Status only)* 

0 The last word of the frame contains data on the upper 
half (D8-D15) and frame status on the lower half 
(D0-D7) of the data bus. 

1 The lower half of the data bus (D0-D7) contains the 
frame status but the upper half (D8-D15) is blank or 
invalid. 

*See Frame Status (RSR) on next page. 


RSR 

4 C/PERR — CRC/Parity Error. 

0 No CRC or parity error detected. 

1 CRC error detected (BOP, BSC) or parity error 
detected (ASYNC, ISOC and COP). The C/PERR bit 
is loaded into the RxFIFO with the negative-going RxC 
edge, along with the byte or word with which it is 
associated. For ASYNC, ISOCH or COP protocols, this 
is with the byte/word containing a parity error. For BOP 
or BSC, it is loaded to RxFIFO (after the CRC check) 
with the FSB. C/PERR is loaded into the RSR and the 
interrupt issued (when the read point er is positioned 
at the FSB) with the trailing edge of LDS. 

C/PERR Reset — The byte/word containing the FSB must be 
read from the RxFIFO before resetting the C/PERR bit. Then 
it may be reset by writing a 1 to RSR4. 

RSR 

3 FRERR —Frame Error. 

0 No frame error detected. 

1 FRERR is set for receiver overrun, flag detected off 
boundary (BOP), or frame error (ASYNC, ISOCH). For 
receiver overrun, the FRERR bit is set in the RxFIFO 
with the last byte when the overrun is detected. 

For BOP, a minimum message size is an opening flag, 
one address byte and one control byte. If the closing 
flag is detected before the control byte is sent, a short 
frame is indicated and a frame error results. For 
address extension, multi-address bytes may be 
received before the control byte is expected. The 
FRERR bit is latched in RxFIFO with the negative-going 
edge of RxC with the last address byte received upon 
detection of the flag off boundary. FRERR is loaded 
into the RSR and the interrupt issued when the read 
po inter is positioned at the FSB with the trailing edge 
of LDS. 

In ASYNC or ISOCH, a FRERR bit set indicates that 
the stop bit was detected off boundary (too early or too 
late for the number of bits expected by the setting of 
PSR2-3 and PSR2-4) or it was not the correct width 
(as expected by the setting of PSR2-6 and PSR2-5). 

FRERR Reset — The byte/word containing the FSB must be 
read from the RxFIFO before resetting the C/PERR bit. The 
C/PERR bit may then be reset by writing a 1 to RSR3. 

RSR 

2 ROVRN —Receiver Overrun. 

0 No receiver overrun detected. 

1 Receiver overrun detected. Data is loaded into the 
RxFIFO on byte boundaries with the negative-going 
edge of RxC coincident with the first bit of the subse- 
quent data being received. When the eighth byte, or 
fourth word, of data has been written into RxFIFO 
without any data being read out, the RxFIFO is full and 
the incremented write pointer “catches up” with the 
read pointer. The next attempt to write data to RxFIFO 
causes ROVRN bit to be loaded to the RSR and the 
interrupt issued (if enabled). The data in the RxFIFO 
is not affected, but new received data is lost. 

ROVRN Reset — The ROVRN bit is not self-clearing when data 
is read from the RxFIFO, but may be reset by writing a 1 to RSR2. 
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RSR 

1 RA/B —Receiver Abort/Break. 

0 Normal Operation. 

1 (BOP) When an ABORT (seven 1s) is detected after 
the opening flag, the RA/B bit is set in the RSR and 
an interrupt issued (if enabled). This bit is latched with 
the negative edge of RxC after the seventh 1 bit is 
detected. (NOTE; Because the previous byte can end 
in zero to five 1 bits, the abort could be recognized in 
the next byte as early as two to seven 1 bits.) 

(BSC) When ENQ is detected in a block of text data, 
the RA/B bit is set in the RSR and the interrupt issued 
(if enabled) with the next negative edge of the RxC 
clock. 

R/V/B Reset — The RA/B bit is reset by writing a 1 to RSR1 . 

RSR 

0 RIDLE —Receiver Idle. (BOP only). 

0 Receiver is not idle. 

1 15 or more Is have been detected. The RIDLE bit is 
set in RSR with the negative edge of the next RxC after 
15 consecutive Is have been detected. 

RIDLE Reset — The RIDLE is reset by writing a 1 to RSRO. 

(NOTE: The RIDLE bit will set again In 15 clock cycles if RxD 

is still in the idle condition.) 


* Frame Status (RSR) 


7 

6 

5 

4 

3 

2 

1 

0 

0 

EOF 

RHW 

C/PERR 

FRERR 

ROVRN 

RA/B 

0 


For the BSC and BOP protocols which have defined message 
blocks or frames, a “frame status” byte will be loaded into the 
RxFIFO following the last data byte of each block. The frame 
status contains all the status contained within the RSR with the 
exception of RDA and RIDLE. But, in addition to the RSR con- 


tents, the frame status byte has a RHW status in bit 5 which 
indicates either an even or odd boundary (applicable to word 
mode only). 

If the MPCC is in word mode and the last data byte was on an 
even byte boundary (i.e., there was an even number of bytes 
in the message), a blank byte will be loaded into the RxFIFO 
prior to loading the frame status byte in order to force the “frame 
status” byte and the next frame to be on an even boundary. 
When RHW = 0, the last word of the frame contains data on 
the upper half and status on the lower half of the data bus. If 
RHW = 1 , the lower half of the bus contains status but the upper 
half is a blank or invalid byte. 

In the byte mode, the status byte will always immediately follow 
the last data byte of the block/frame (see Figure 3). The EOF 
status in the RSR is then set when the byte/word containing the 
frame status is the next byte/word to be read from the RxFIFO. 

In the receiver DMA mode, when the EOF status in the RSR 
is set, DONE is asserted to the DMAC. Thus the last byte 
accessed by the DMAC is always a status byte, which the 
processor may read to check the validity of entire frame. 


Receiver Control Register (RCR) 


7 

6 

5 

4 

3 

Ij 

1 

0 

- 

RDSREN 

DONEEN 

RSYNEN 

STRSYN 


RABEN 

RRES 


Address = 01 Reset value = $01 


The Receiver Control Register (RCR) selects receiver control 
options. 

RCR 

7 —Not used. 

RCR 

6 RDSREN —Receiver Data Service Request Enable. 

0 Disable receiver DMA mode. 

1 Enable receiver DMA mode. 


WORD 

MODE 


BYTE 

MODE 


ODD NUMBER OF BYTES 


EVEN NUMBER OF BYTES 


WORD D15 D8 D7 DO WORD D15 D8 D7 DO 


N 

DATA 

DATA 

N + 1 

BLANK 

STATUS 

N + 2 

NEXT 

FRAME 


(RHW = 1) 


N 

DATA 

STATUS 

N + 1 

NEXT 

FRAME 


BYTE D7 DO BYTE D7 DO 


M 

DATA 

M + 1 

STATUS 

M + 2 

NEXT FRAME 


M 

DATA 

M + 1 

STATUS 

M + 2 

NEXT FRAME 


Figure 3. BSC/BOP Block/Frame Status Location 
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RCR 

5 DONEEN —DON E Output Enable. 

0 Disabl e DONE output. 

1 Enable DONE output. (When the receiver is in the DMA 
mode, i.e., RDSREN = 1). 


Receiver Interrupt Vector Number Register (RIVNR) 
7|6|5|4|3|2 |i |o~ 

Receiver Interrupt Vector Number (RIVN) 

Address = 04 Reset value = $0F 


RCR 

4 RSYNEN — RSYNEN Output Enable. Selects the 
DSR signal input or the R SYN SYNC 
sig nal ou tput on the DSR pin. 

0 Input DSR on DSR^ 

1 Output RSYN on DSR. 

RCR 

3 STRSYN —Strip SYN Character (COP only). 

0 Do not strip SYN character. 

1 Strip SYN character. 

RCR 

2 MUST BE ZERO 

0 

RCR 

1 RABTEN —Receiver Abort Enabie (BOP only). 

0 Do not abort frame upon error detection. 

1 Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 
the RSR) or CFCRC error detection (C/PERR bit = 1 
in the RSR). If either error occurs, the MPCC ignores 
the remainder of the current frame and searches for 
the beginning of the next frame. (EOF is set upon 
abort). 

RCR 

0 RRES —Receiver Reset Command. 

0 Enable normal receiver operation. 

1 Reset receiver. Resets the receiver section including 
the Rx FIFO an d the RSR (but not the RCR). RRES is 
set by RESET or by writing a 1 into this bit and must 
be cleared by writing a 0 into this bit. RRES requires 
clearing after RESET. 


Receiver Data Register (RDR) 



If a receiver interrupt condition occurs (as reported by status 
bits in the RSR that correspond to interrupt enabl e bits in the 
RIER) and the corresponding bit is set in the RIER, IRQ output 
is ass erted to request MPU receiver interrupt service. When the 
lACK input is asserted from the bus, the Receiver Interrupt Vec- 
tor Number (RIVN) from the Receiver Interrupt Vector Number 
Register (RIVNR) is placed on the data bus. 


Receiver Interrupt Enable Register (RIER) 


7 

6 

5 

4 

3 

2 

1 

0 

RDA 

EOF 

0 

C/PERR 

FRERR 

ROVRN 

RA/B 

0 

IE 

IE 


IE 

IE 

IE 

IE 



Address = 05 Reset value = $00 


The Receiver Interrupt Enable Register (RIER) contains inter- 
rupt enable b its fo r the Receiver Status Register (RSR). When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the RSR. 

RIER 

7 RDA IE —Receiver Data Available Interrupt 
Enable. 

0 Disable RDA Interrupt. 

1 Enable RDA Interrupt. 

RIER 

6 EOF IE —End of Frame Interrupt Enable. 

0 Disable EOF Interrupt. 

1 Enable EOF Interrupt. 

RIER 

5 —Not used. 

RIER 

4 C/PERR IE — CRC/Parity Error Interrupt Enable. 

0 Disable C/PERR Interrupt. 

1 Enable C/PERR Interrupt. 

RIER 

3 FRERR IE —Frame Error Interrupt Enable. 

0 Disable FRERR Interrupt. 

1 Enable FRERR Interrupt. 

RIER 

2 ROVRN IE —Receiver Overrun Interrupt Enable. 

0 Disable ROVRN Interrupt. 

1 Enable ROVRN Interrupt. 


The receiver has an 8-byte (or 4-word) First In First Out (FIFO) 
register file (RxFIFO) where received data are stored before 
being transferred to the bus. The received data is transferred 
out of the RxFIFO via the RDR in 8-bit bytes or 1 6-bit words de- 
pending on the WD/BYT bit setting in PSR2. When the RxFIFO 
has a data byte/word ready to be transferred, the RDA status 
bit in the RSR is set to 1. 


RIER 

1 RA/B IE —Receiver Abort/Break interrupt Enable. 

0 Disable RA/B Interrupt. 

1 Enable RA/B Interrupt. 

RIER 

0 —Not used. 
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TRANSMITTER REGISTERS 


Transmitter Status Register (TSR) 


7 

6 

5 

4 

3 

2 

1 

0 

TDRA 

TFC 

0 

0 

0 

TUNRN 

TFERR 

0 


Address = 08 Reset value = $80 


The Transmitter Status Register (TSR) contains the transmitter 
status including error conditions. The transmitter status bits are 
cleared by writing a 1 into their res pective positi ons, by writing 
a 1 into the TCR TRES bit, or by RESET. The IRQ output is 
asserted if any of the conditions reported by the status bits occur 
and the corresponding interrupt enable bit in the TIER is set. 

TSR 

7 TDRA —Transmitter Data Register Avaiiable. 

0 The TxFIFO is full. 

1 The TxFIFO is available to be loaded via the TDR 
(1 to 8 bytes, or 1 to 4 words). 

TDRA Reset — TDRA cannot be reset by the host in normal 
operation. It initializes to a 1 upon hardware or software reset 
of the MPCC. TDRA is not dependent on the serial clock. 

TSR 

6 TFC —Transmitted Frame Compiete. (BOP, BSC 
and COP only). 

0 (All) Frame not complete. 

1 (BOP) Closing flag or ABORT has been transmitted. 
The TFC bit is set and the interrupt issued (if enabled) 
with the negative edge of TxC coincident with the end 
of the last bit of the flag. When TABT is set in TCR1, 
an ABORT is transmitted immediately but TFC is not 
issued until after the closing flag or 8 bits of the MARK 
idle condition after the TxFIFO is flushed of all current 
data bytes. 

(BSC) Trailing pad has been transmitted. TFC bit set 
and/or interrupt issued with negative edge of TxC coin- 
cident with the end of the last bit of the trailing pad. 

(COP) Last byte has been transmitted (TLAST set in 
TCR3). TFC bit set and/or interrupt issued with nega- 
tive edge of the TxC coincident with the end of the last 
bit of the last byte. 

TFC Reset — One full cycle of the serial clock (TxC) must elapse 
before the TFC bit can be reset by writing a 1 to TSR6. 

TSR 

5-3 —Not used. 

TSR 

2 TUNRN —Transmitter Underrun (BOP, BSC and 

COP only). 

0 No TxFIFO underrun has occurred. 

1 An empty TxFIFO was accessed for data. 

(BOP) Underrun is treated as an ABORT in that eight 
consecutive 1s are transmitted followed by the idle 
condition of MARK or FLAG. 

(BSC, COP) Underrun causes SYN characters to be 
transmitted until new data is available in the TxFIFO. 


The TUNRN bit is set in TSR2 and the interrupt issued 
with the positive edge of the TxC coincident with the 
eighth bit of data prior to the ABORT in BOP or to SYN 
in BSC or COP. 

TUNRN Reset — One full cycle of the serial clock (TxC) must 
elapse before the TUNRN bit can be reset by writing a 1 to TSR2. 

TSR 

1 TFERR —Transmit Frame Error (BOP only). 

0 No frame error has occurred. 

1 A short frame condition exists in that no control field 
Is transmitted. (TLAST was issued early with an 
address byte.) TFERR bit is set and the interrupt issued 
with the positive edge of TxC coincident with the end 
of the last bit of the byte causing the error. 

TFERR Reset — One full cycle of the serial clock (TxC) 
must elapse before TFERR bit can be reset by writing 
a 1 to TSR1. 


Transmitter Control Register (TCR) 


7 

6 

5 

4 

3 

2 

1 

0 

TEN 

TDSREN 

TICS 

THW 

TLAST 

TSYN 

TABT 

TRES 


Address = 09 Reset value = $01 


The Transmitter Control Register (TCR) selects transmitter con- 
trol function. 

TCR 

7 TEN —Transmitter Enable. 

0 Disable transmitter. TxD output is idled. The TxFIFO 
may be loaded while the transmitter is disabled. 

1 Enable transmitter. 

TCR 

6 TDSREN —Transmitter Data Service Request 
Enable. 

0 Disable transmitter DMA mode. 

1 Enable transmitter DMA mode. 

TCR 

5 TICS —Transmitter Idle Character Select. Selects 

the Idle character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled or disabled). 

0 Mark Idle (TxD output is held high). 

1 Content of AR2 (BSC and COP), BREAK condition 
(ASYNC and ISOC), or FLAG character (BOP). 

TCR 

4 THW —Transmit Half Word. (R68561 , word mode 
only). This bit is used when the frame or 
block ends on an odd boundary in conjunc- 
tion with the TLAST bit and indicates that 
the last word in the TxFIFO contains valid 
data in the upper byte only. This bit must 
always be 0 in byte mode (R68560). 

0 Transmit full word (16 bits) from the TxFIFO. 

1 Transmit upper byte (8 bits) from the TxFIFO. 
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TCR 

3 TLAST —Transmit Last Character (BOP, BSC and 
COP only). 

0 The next character is not the last character in a frame 
or block. 

1 The next character to be written into the TDR is the 
last character of the message. The TLAST bit auto- 
matically returns to a 0 when the associated word/byte 
is written to the TxFIFO. If the trans mitter D MA mode 
is enabled, TLAST is set to a 1 by DONE from the 
DMAC. In this case the character written Into the TDR 
in the current cycle is the last character. 

TCR 

2 TSYN —Transmit SYN (BSC and COP only). 

0 Do not transmit SYN characters. 

1 Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character. If BSC transparent mode is active, 
a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a 0 when the SYN character 
is loaded Into the Transmitter Shift Register. 

TCR 

1 TABT —Transmit ABORT (BOP only). 

0 Enable normal transmitter operation. 

1 Causes an abort by sending eight consecutive 1 ’s. A 
data word/byte must be loaded into the TxFIFO after 
setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte is loaded into the TxFIFO. 


Transmitter Interrupt Vector Number Register (TIVNR) 
7|6|5|4|3|2|l I 0~ 
Transmitter Interrupt Vector Number (TIVN) 

Address = OC Reset value = $0F 

If a transmitter interrupt condition occurs (as reported by status 
bits in the TSR that correspond to interrupt enable bits in the 
TIER) and the corresponding bit in the TIER is set, the IRQ 
output is asserte d to request MPU transmitter interrupt service. 
When the lACK Input is asserted from the bus, the Transmitter 
Interrupt Vector Number (TIVN) from the Transmitter Interrupt 
Vector Number Register (TIVNR) is placed on the data bus. 


Transmitter Interrupt Enable Register (TIER) 


7 

6 

5 

4 

3 

2 

1 

0 

TDRA 

IE 

TFC 

IE 

0 

0 

0 

TUNRN 

IE 

TFERR 

IE 

— 


Address = OD Reset value = $00 


The Transmitter Interrupt Enable Register (TIER) contains 
interrupt ena ble b its for the Transmitter Status Register. When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the TSR. 

TIER j 

7 TDRA IE —Transmitter Data Register (TDR) Avail- 
able Interrupt Enable. 

0 Disable TDRA Interrupt. 

1 Enable TDRA Interrupt. 


TCR 

0 TRES —Transmitter Reset Command. 

0 Enable normal transmitter operation. 

1 Reset transmitter. Clears the transmitter section 
including the TxFIFO and the TSR (but not the TCR). 
The Tx D outpu t is held in “Mark” condition. TRES is 
set by RESET or by writing a 1 into this bit and is 
cleared b y writing a 0 into this bit. TRES requires clear- 
ing after RESET. 

Transmit Data Register (TDR) 


R68561 (Word Mode) 



TIER 

6 TFC IE —Transmit Frame Complete (TFC) Interrupt 
Enable. 

0 Disable TFC Interrupt. 

1 Enable TFC Interrupt. 

TIER 

5-3 —Not used. 

TIER 

2 TUNRN IE —Transmitter Underrun (TUNRN) Interrupt 

Enable. 

0 Disable TUNRN Interrupt. 

1 Enable TUNRN Interrupt. 

TIER 

1 TFERR IE —Transmit Frame Error (TFERR) interrupt 
Enable. 

0 Disable TFERR Interrupt. 

1 Enable TFERR Interrupt. 

TIER 

0 —Not used. 


Tbe transmitter has an 8-byte (or 4-word) FIFO register file 
(TxFIFO). Data to be transmitted is transferred from the bus into 
the TxFIFO via the TDR in 8-bit bytes or 16-bit words depend- 
ing on the WD/BYT bit setting in PSR2. The TDRA status bit 
in the TSR is set to 1 when the TxFIFO is ready to accept another 
data word/byte. 


SERIAL INTERFACE REGISTERS 
Serial Interface Status Register (SISR) 


7 

6 

5 

4 

3 

2 

1 

0 

CTST 

DSRT 

DCDT 

CTSLVL 

DSRLVL 

DCDLVL 

0 

0 


Address = 10 Reset value = $00 
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The Serial Interface Status Register (SISR) contains the serial 
interface status information. The transition status bits (CTST, 
DSRT and DCDT) ar e cleare d by writing a 1 into their respec- 
tive positions, or by RESET. The level status bits (CTSLVL, 
DSRLVL and DCDLVL) reflect the state of their respective inputs 
and cannot be cleared internally. The IRQ output is asserted 
if any of the conditions reported by the transition status bits occur 
and the corresponding interrupt enable bit in the SIER is set. 

SISR 

7 CTST —Cl ear to Send Transition Status. 

0 The input o n CTS has not transitioned positive. 

1 The input on CTS has transitioned posit ive fr om active 
to inactive. To detect this transition, RTS must be 
active (low) and the transmitter must be enabled 
(TRES in TCRO = 0). The CTST bit is set in SISR7 and 
an interrupt issued (if enabled) with the negative edge 
of TxC. 


SISR 

2 DCDLVL —Da ta Ca rrier Detect Level. 

0 The input on PCD is negated (high, inactive). 

1 The input on PCD is asserted (low, active). 

PCPLVL Rese t — T he PCPLVL bit in SISR2 follows the state 
of the input to PCP and cannot be reset internally. 

SISR 

1-0 —Not used. 


Serial Interface Control Register (SICR) 


7 

6 

5 

4 

3 

2 

1 

0 

RTSLVL 

DTRLVL 

0 

0 

0 

ECHO 

TEST 

0 


Address = 1 1 Reset value = $00 


The Serial Interface Control Register (SICR) controls various 
serial interface signals and test functions. 


CTST Reset — A ne gativ e transition of the serial clock (TxC) 
must occur after the CTS input goes high before the CTST bit 
can be reset by writing a 1 to SISR7. 

SISR 

6 DSRT —Da ta Se t Ready Transition Status. 

0 The input on DSR has not transitioned negative. 

1 The input on DSR has transitioned negative from 
inactive to active. The DSRT bit is set in SISR7 and 
an interrupt issued (if enabled) with the negative edge 
of RxC. The receiver must be enabled (RRES in 
RCR0 = 0). 

DSRT Reset — A ne gative transition of the serial clock (RxC) 
must occur after the DSR input goes high before the DSRT 
bit can be reset by writing a 1 to SISR6. 

SISR 

5 DCDT —Da ta Ca rrier Detect Transition Status. 

0 The input o n PCD has not transitioned positive. 

1 The input on DCD has transitioned positive from active 
to inactive. The DCDT bit is set in SISR5 and an inter- 
rupt issued (if enabled) with the negative edge of RxC. 
The receiver must be enabled (RRES in RCR0 = 0). 

DCDT Reset — A n egativ e transition of the serial clock (RxC) 
must occur after the DCD input goes high before the DCDT bit 
can be reset by writing a 1 to SISR5. 

SISR 

4 CTSLVL —Cl ear to Send Level. 

0 The input on CTS is negated (high, inactive). 

1 The input on CTS is asserted (low, active). 

CRSLVL Reset — The CTSLVL bit in SISR4 follows the state 
of the input to CTS and cannot be reset internally. 

SISR 

3 DSRLVL —Da ta Se t Ready Level. 

0 The input on DSR is negated (high, inactive). 

1 The input on DSR is asserted (low, active). 

DSRLVL Reset — T he DSRLVL bit in SISR3 follows the state 
of the input to DSR and cannot be reset internally. 


SICR 

7 RTSLVL —Re quest to Send Level. 

0 Negat e RTS output (high). 

1 Assert RTS output (low). 

NOTE 

In BOP, BSC, or COP, when the RTSLVL bit is cleared 
in the middle of data transmission, the RTS output- 
remains asserted until the end of the current frame 
or blo ck has been transmitted. In ASYNC or ISOC, the 
RTS output is negated when the TxFIFO is empty. If 
the trans mitter is idling when the RTSLVL bit is reset, 
the RTS output is negated within two bit times. 

SICR 

6 DTRLVL —Da ta Terminal Ready Level. 

0 Negate DTR output (high). 

1 Assert DTR output (low). 

SICR 

5-3 — Not use d. These bits are initialized to 0 by 

RESET and must not be set to 1. 

SICR 

2 ECHO —Echo Mode Enable. 

0 Disable Echo mode (enable normal operation). 

1 Enable Echo mode. Received data (RxD) is routed 
back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This mode may be used 
for remote test purposes. 

SICR 

1 TEST -Self-test Enable. 

0 Disable self-test (enable normal operation). 

1 Enable self-test. The transmitted data (TxD) and clock 
(TxC) are routed back through t o the r eceiv er thro ugh 
RxD and RxC, respectively (DCD and CTS are 
ignored). This “loopback” self-test may be used for 
all protocols. RxC is external and CCR bits 2 and 3 
must be a 1. 

SICR 

0 MUST BE ZERO 

0 
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Serial Interrupt Vector Number Register (SIVNR) 

M 6 I 5 I I 3 I 2 I 1 I 0 

Serial Interrupt Vector Number (SIVN) 

Address = 14 Reset value = $0F 


Protocol Select Register 1 (PSR1) 


7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

CTLEX 

ADDEX 


Address = 18 Reset value = $00 


If a serial interface interrupt condition occurs (as reported by 
status bits in the SISR that correspond to interrupt enable bits 
in th e SIER) and the corresponding bit in the SIER is set, the 
IRQ output is ass erted t o request MPU serial interface interrupt 
service. When the lACK input is asserted from the bus, the Serial 
Interrupt Vector Number (SIVN) from the Serial Interrupt Vector 
Number Register (SIVNR) is placed on the data bus. 


Serial interrupt Enable Register (SIER) 


7 

6 

5 

4 

3 

2 

1 

0 

CTS 

IE 

DSR 

IE 

DCD 

IE 

0 

0 

0 

0 

i 

0 


Address = 15 Reset value = $00 


The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Interface Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition occurs as reported in the SISR. 


SIER 

7 CTS IE —Clear to Send (CTS) Interrupt Enable. 

0 Disable CTS Interrupt. 

1 Enable CTS Interrupt. 


Protocol Select Register 1 (PSR1) selects BOP protocol related 

options. 

PSR1 

7-2 —Not used. 

PSR1 

1 CTLEX -Control Field Extend (BOP only). 

0 Select 8-bit control field. 

1 Select 16-bit control field. 

PSR1 

0 ADDEX —Address Extend (BOP only). 

0 Disable address extension. All eight bits of the 
address byte are utilized for addressing. 

1 Enable address extension. When bit 0 in the address 
byte is a 0 the address field is extended by one byte. 
An exception to the address field extension occurs 
when the first address byte is all O’s (null address). 


Protocol Select Register 2 (PSR2) 


7 

6 1 5 

4 1 3 

2 1 1 1 0 

WD/BYT 

STOP BIT SEL 

CHAR LEN SEL 

PROTOCOL SEL 

SB2 1 SB1 

CL2 1 CL1 

PS3 1 PS2 1 PS1 


Address = 19 Reset value = $00 


Protocol Select Register 2 (PSR2) selects protocols, character 
size, the number of stop bits, and word/byte mode. 


SIER 

6 DSR IE —Data Set Ready (DSR) Interrupt Enable. 

0 Disable DSR Interrupt. 

1 Enable DSR Interrupt. 


SIER 

5 DCD IE —Data Carrier Detect (DCD) Interrupt 
Enable. 

0 Disable DCD Interrupt. 

1 Enable DCD Interrupt. 


SIER 

4-0 —Not used. 


GLOBAL REGISTERS 

The global registers contain command information applying to 
different modes of operation and protocols. After changing global 
register data, TRES in the TCR and RRES in the RCR should 
be set then cleared prior to performing normal mode processing. 


PSR2 

7 WD/BYT —Data Bus Word/Byte Mode. 

0 Select byte mode. Selects the number of data bits to 
be transferred from the RxFIFO and the registers to 
the data bus and to be transferred from the data bus 
to the T xFIFO an d the registers. The MPCC is initial- 
ized by RESET to the byte mode. 

1 Select word mode. For operation with the 16-bit bus, 
select the word mode by sending $80 on D7-D0 to 
address $19 prior to transferring subsequent data 
between the MPCC and the data bus. 

PSR2 

6-5 STOP BIT SEL —Number of Stop Bits Select. 

Selects the number of stop bits 
transmitted at the end of the data 
bits in ASYNC and ISOC modes. 

No. of Stop Bits 
5 

SB1 ASYNC ISOC 

0 1 1 

1 1 - 1/2 2 

0 2 2 


6 

SB2 

0 

0 

1 
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PSR2 

4-3 CHAR LEN SEL —Character Length Select. Selects 
the character length except in BOP 
and BSC where the character length 
is always eight bits. Parity is not 
included in the character length. 

3 

CL1 Character Length 

0 5 bits 

1 6 bits 

0 7 bits 

1 8 bits 

PSR2 

2-0 PROTOCOL SEL— Protocol Select. Selects protocol 
and defines the protocol dependent 
control bits. 

2 1 0 

PS3 PS2 PS1 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 


Protocol 

BOP (Primary) 
BOP (Secondary) 
Reserved 
COP 

BSC EBCDIC 
BSC ASCII 
ASYNC 
ISOC 


4 

CL2 

0 

0 

1 

1 


Address Register 1 (AR1) Address 

7|6|5|4|3|2|l |0 

BOP ADDRESS/BSC & COP PAD 

Address = 1A Reset value = $00 


Address Register 2 (AR2) 

7|6|5|4|3|2|l|0~ 
BSC & COP SYN 

Address = 1 B Reset value = $00 


Baud Rate Divider Register 1 (BRDR1) 

7|6|5|4|3|2|i|0 
BAUD RATE DIVIDER (LSH) 

Address = 1C Reset value = $01 

Baud Rate Divider Register 2 (BRDR2) 

7|6|5|4|3|2|l I 0 

BAUD RATE DIVIDER (MSH) 

Address = 1 D Reset value = $00 


The two 8-bit Baud Rate Divider Registers (BRDR1 and BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 con- 
tains the least significant half (LSH) and BRDR2 contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit rates can be selected using the combination of 
Prescaler Divider (in the CCR) and Baud Rate Divider values 
shown in Table 3. For isochronous or synchronous protocols, 
the Baud Rate Divider value must be multiplied by two for the 
same Prescaler Divider value. 

The Baud Rate Divider (BRD) value can be computed for other 
crystal frequency, prescaler divider and desired baud rate values 
as follows; 


gPP _ Crystal Frequency 

(Prescaler Divider) (Baud Rate) (K) 

where: K = 1 for isochronous or synchronous 

2 for asynchronous 


Clock Control Register (CCR) 


7 

6 

5 

4 

3 

2 

1 I 0 

0 

0 

0 

PSCDIV 

TCLKO 

RCLKIN 

CLK DIV 

CK2 I CK1 


Address = IE Reset value = $00 


The protocol selected in PSR2 (BOP, BSC and COP only) deter- 
mines the function of the two 8-bit Address Registers (AR1 and 
AR2). As a secondary station in BOP, the contents of AR1 is 
used for address matching. In BSC and COP, AR1 and AR2 con- 
tain programmable leading PAD and programmable SYN 
characters, respectively. 


Address Register (AR) Contents 


Protocol Selected 

AR1 

AR2 

BOP (Primary) 

X 

X 

BOP (Secondary) 

Address 

X 

BSC EBCDIC 

Leading PAD 

SYN 

BSC ASCII 

Leading PAD 

SYN 

COP 

Leading PAD 

SYN 

*X = Not used 1 


The CCR selects various clock options. 

CCR 

7-5 —Not used. 


CCR 

4 PSCDIV —Prescaler Divider. The Prescaler Divider 
network reduces the external/oscillator fre- 
quency to a value for use by the internal 
Baud Rate Generator. 

0 Divide by 2. 

1 Divide by 3. 

CCR 

3 TCLKO —Transmitter Clock Output Select. 

0 Select TxC to be an input. 

1 Select TxC to be an output. (1X clock) 
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Table 3. Standard Baud Selection (8.064 MHz Crystal) 


Desired 

Prescaler Divider 

Baud Rate Divider | 


\synchronous 


Isochronous and Synchronous 

Decimal 

Value 

PSCDIV 
(0 to 1) 

Decimal 

Value 

Hexadecimal Value 

Decimal 

Value 

Hexadecimal Value 

Baud Rate 
(Bit Rate) 

BRDR2 

(MSH) 

BRDR1 

(LSH) 

BRDR2 

(MSH) 

BRDR1 

(LSH) 

50 

3 

1 

26,880 

69 

00 

53,760 

D2 

00 

75 

2 

0 

26,880 

69 

00 

53,760 

D2 

00 

110 

3 

1 

12,218 

2F 

BA 

24,436 

5F 

74 

135 

2 

0 

14,933 

3A 

55 

29,866 

74 

AA 

150 

3 

1 

8,960 

23 

00 

17,920 

46 

00 

300 

2 

0 

6,720 

1A 

40 

13,440 

34 

80 

1200 

3 

1 

1,120 

04 

60 

2,240 

08 

CO 

1800 

2 

0 

1,120 

04 

60 

2,240 

08 

CO 

2400 

2 

0 

840 

03 

48 

1,680 

06 

90 

3600 

2 

0 

560 

02 

30 

1,120 

04 

60 

4800 

3 

1 

280 

01 

18 

560 

02 

30 

7200 

2 

0 

280 

01 

18 

560 

02 

30 

9600 

3 

1 

140 

00 

8C 

280 

01 

18 

19200 

3 

1 

70 

00 

46 

140 

00 

8C 

38400 

3 

1 

35 

00 

23 

70 

00 

46 


CCR 

2 RCLKIN —Receiver Clock Internal Select (ASYNC 
only). 

0 Select External RxC. 

1 Select Internal RxC. 


CCR 

1-0 CLK DIV —External Receiver Ciock Divider. Selects 
the divider of the external RxC to determine 
the receiver data rate. 

CK2 CK1 

0 0 

0 1 

1 0 

1 1 


Error Control Register (ECR) 


7 

6 

5 

4 

3 

2 

1 1 0 

PAREN 

ODDPAR 

— 

— 

CFCRC 

CRCPRE 

CRCSEL 

CR2 1 CR1 

Address = 

: IF 




Reset value = $04 


The Error Control Register (ECR) selects the error detection 
method used by the MPCC. 


ECR 

7 PAREN —Parity Enabie. (ASYNC, ISOC and COP 
only). 

0 Disable parity generation/checking. 

1 Enable parity generation/checking. 


Divider 
1 (iSOC) 
le] 

32 V (ASYNC) 
64J only 


ECR 

6 ODDPAR —Odd/Even Parity Select (Effective only 
when PAREN = 1). 

0 Generate/check even parity. 

1 Generate/check odd parity. 

ECR 

5-4 —Not used. 

ECR 

3 CFCRC —Control Field CRC Enable. (BOP Only) 

0 Disable control field CRC. 

1 Enables an intermediate CRC remainder to be 

appended after the address/control field in transmitted 
BOP frames and checked in received frames. The CRC 
generator is reset after control field CRC calculation. 

ECR 

2 CRCPRE —CRC Generator Preset Select. 

(BOP, BSC Only) 

0 Preset CRC Generator to 0. (For BSC) 

1 Preset CRC Generator to 1 and transmit the 1 ’s com- 
plement of the resulting remainder. (For BOP) 

ECR 

1-0 CRCSEL —CRC Polynomial Select. Selects one of the 
RC polynominals. 

1 0 

CR2 CR1 Polynominal 

0 0 x16 4.x12 + x5 + 1 (CCITT V.41) (BOP) 

0 1 x16.^x154.x2+1 (CRC-16) (BSC) 

1 0 x8-h1 (VRC/LRC)* (BSC, 

ASCII, non-transparent) 

1 1 Not used. 

*VRC: Odd-parity check is performed on each 
character including the LRC character. 
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INPUT/OUTPUT FUNCTIONS 

MPU INTERFACE 


Transfer of data between the MPCC and the system bus involves 
the following signals: 

R68561 R68560 

Address Lines 

A1-A4 

A0-A4 

Data Lines 

D0-D15 

D0-D7 

Read/Write 

R/W 

R/W 

Data Transfer Acknowledge 

DTACK 

DTACK 

Chip Select 

CS 

CS 

Data Strobes 

UDS and LDS 

DS 


Figures 10 and 11 show typical interface connections. 


Read/Write Operation 

The R/W input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the MPCC for access to the internal 
registers and other operations. When CS is asserted, the data 
I/O buffer acts as an output driver during a read operation and 
as an input buffer during a write operation. CS must be decoded 
from the address bus and gated with address strobe (AS). 

When the R68561 is connected to the 16-bit bus for operation 
in the word mode (WD/BYT = 1 in the PSR2), address lines 
A1-A4 select the internal register(s) (the 8-bit control/status 
registers are accesed two at a time and the 1 6-bit data registers 
are acces^ on even address boun^ries). When the MPCC is 
selected (CS low) during a read (R/W high), 16 bits o f reg ister 
data are placed on the d ata bus when the data strobes (LDS and 
LIDS) are asserted. LDS strobes the eight data bits from the even 
numbered registers to the lower data bus lines (D0-D7) and UDS 
strobes the eight data bits from the odd numbered registers to 
the upper data bus lin es (D8- D15). The MPCC asserts Data 
Transfer Acknowledge (DTACK) prior to placing data on the data 
bus. Conv^eiy, when the MPCC is selected (CS low) during 
a write (R/W low) LDS and UDS strobe data from the D0-D7 
and D8-D15 data bus lines into the addressed even and odd num - 
bered r egisters, respectively, and the MPCC asserts DTACK. 
DTACK is negated when CS is negated. Figures 12 and 13 
show the read and write timing relationships. 

When the R68560 is connected to the 8-bit bus for operation in 
the byte mode (WD/BYT = 0 in the PSR2), address lines A0-A4 
select one internal 8-^ register. When the MPCC is selected (CS 
low) during a read (R/W high), eight bits of register data are placed 
on data bus lines D0-D7 whervthe data strobe (DS) is asserted. 
When the MPCC is selected (CS low) for a write (R/W low), DS 
strobes data from the D0-D7 data lines into the selected register. 

DMA INTERFACE 

The MPCC is capable of providing DMA data transfers at up to 
2 Mbytes per second when used with the MC68440 or MC68450 
DMAC in the single address mode. Based on 4 Mb/s serial data 
rate and 5 bits/character, the maximum DMA required transfer 
rate is 800 Kbytes per second. 

The MPCC has separate DMA enable bits for the transmitter and 
receiver, each of which requires a DMA channel. Both the trans- 
mitter and receiver data are implicitly addressed (TDR or RDR) 
therefore addressing of the data register is not required before 
data may be transferred. Communication between the MPCC 


and the DMAC is accomplished by a two-signal request/ 
acknowledge hand shake. Since the MPCC has only one 
acknowledge input (DACK) for its two DMA request lines, an 
external OR function must be provided to combine t^ two DMA 
acknowledge signals. The MPCC uses the R/W in put to 
distinguish between the Transmitter Data Service Request (TDSR 
acknowledge and the Receiver Data Service Request (RDSR) 
acknowledge. 

Receiver DMA Mode 

The receiver DMA mode is enabled when the RDSREN bit in the 
RCR is set to 1 . When data is available in the RxFIFO, Receiver 
Data Service Request (RDSR) is asserted for one receiver clock 
period (BOP and BSC) to initiate the MPCC t o memory DMA trans- 
fer. For asynchronous operation, RDSR is asserted for 2-3 
peri ods of t he system clock depending on prescale fact or. The 
next RDSR cycle may be initiated as soo n as the cur rent RDSR 
cycle is completed (i.e., a full sequence of DACK, DS, and DTC). 

In response to RDSR assertion, the DMAC sets the R/W line to 
write, asserts the memory address, address strobe, and DMA 
acknowledge. The MPCC outputs data from the RxFIFO to the 
data bus and the DMAC as serts th e data strobes. The memory 
latches the data an d ass erts DTACK to complete the data transfer. 
The DMAC asserts DTC to indicate to the MPCC that data transfer 
is complete. Figure 14 shows the timing relationships for the 
receiver DMA mode. 


RDSR is inhibited when either RDSRE N is rese t to 0 or RRES 
is set to 1 (both in the RCR), or when RESET is asserted. 

Transmitter DMA Mode 

The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When th e TxFIFO is available. Transmitter 
Data Service Request (TDSR) is asserted for one transmitter clock 
period to initiate the memor y to MPCC DMA transfer. For asyn- 
chronous operation, TDSR is asse rted fo r a period of one-half 
the transmitter baud rat e. The next TDSR cycle may be initiated 
as soon as the current TDSR cycle is completed. 

In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That is, when the transfer is from memor y to the TxFIFO, only 
the memory is ad^ssed. In response to TDSR assertion, the 
DMAC sets the R/W line to read, asserts the memory address, 
the address strobe, the data strobes and DMA ack nowledge . The 
memory places data on the data bus and asserts DTACK. Data 
is valid at this time and will rem ain va lid until the data strobes 
are negated. The DMAC asserts DTC to indicate to the MPCC 
that data is available. The MPCC loads the data into the TxFIFO 
on the negation (rising edge) of DS and the transfer is complete. 
When a TxFIFO underrun occurs, the TUNRN bit is set in TSR2, 
the interrupt Is Issued, and the ABORT sequence is entered (eight 
consecutive Is are transmitted). The next word/byte in TxFIFO 
clears the ABORT bit and the idle mode is entered. When a trans- 
mission is aborted, it is expected that the interrupt will allow the 
host system to decide the next course of action; probably to reset 
the DMAC and retransmit the message. A timing diagram for the 
transmitter DMA Mode is shown in Figure 15. 

TDSR is inhibited when either TDSREN i s reset t o 0 or TRES 
is set to 1 (both in the TCR), or when RESET is asserted. 
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DONE Signal 

When the DMA transfer count is exhausted in transmitter DMA 
mode, the DMAC asserts DONE which sets the TLAST bit in the 
TOR to indicate that the last word/byte has be en transferred. 
In the receiver DMA mode of operation, DONE is issued by the 
MPCC on an MPCC-to-memory transfer when the last byte/word 
is being transferred from the RxFIFO to the data bus (if DONEEN 
bit is set in RCR5). In the byte mode, this is the Frame Status 
Byte (FSB). In the word mode, this is the last data byte and FSB 
(for an odd number of data byte transfers) or FSB and blank (for 
an even number of data byte transfers). 


Vector Value Vector Value 
Vector (Hex) (Binary) 


Receiver Interrupt 
Vector Number 
(RIVN) 

Transmitter Interrupt 
Vector Number 
(TIVN) 

Serial Interrupt 
Vector Number 
(SIVN) 


44 

01000100 

1 1 

4C 

f 1 

01001100 


1 11 

5C 

01011100 


DONE is asserted as a result of the FSB being transferred and 
not as a result of the error conditions. The EOF, C/PERR and 
FRERR are addendum bits in the RxFIFO which are written to 
FIFO when they occur and follow the data through the FIFO. 
The frame is aborted upon overrun or error detection if RCR1 = 1 . 


CAUTION 


DONE Is reasserted with each occurrence of DACK 
until EOF is cleared in the RSR. 


INTERRUPTS 

If an interrupt generating status occurs and the interr upt is 
enabled, the MPCC asserts the IRQ output. Upon receiving lACK 
for the pending interrupt request, the M PCC plac es an interrupt 
vector on D0-D7 data bus and asserts DTACK. 

The MPCC has three vector registers: Receiver Interrupt Vector 
Number Register (RIVNR), Transmitter Interrupt Vector Number 
Register (TIVN), and Serial Interrupt Vector Number Register 
(SIVNR). The receiver interrupt has priority over the transmitter 
interrupt, and the transmitter interrupt has priority over the 
serial interface interrupt. For example, if a pending interrupt 
request has been generated simultaneously by the receiver and 
the transmitter, the Receiver Interrupt Vector Number (RIVN) 
is placed on D0-D7 when acknowledged by the MPU. Upon com- 
pletion of the first inte rrupt request cycle (which clears the 
receiver interru pt), IR Q will remain low to start the transmitter 
interrupt cycle. IRQ is negated by clearing all bits set in a 
status register that could have caused the interrupt. 


CAUTION 

A higher priority interrupt occuring while lACK is low during 
transfer of a lower priority interrupt vector to the MPU will 
cause the lower priority interrupt vector on the data bus 
to be invalid if there are any 1 ’s in the higher priority inter- 
rupt vector in the same bit poositions as any O’s in the 
lower priority interrupt vector. To prevent this problem from 
occuring, ensure that the higher priority interrupt vectors 
contain 1 ’s only in bit positions where there are 1 ’s in the 
lower priority interrupt vectors, e.g.: 


A timing diagram for the interrupt acknowledge sequence is 
shown in Figure 16. 

SERIAL INTERFACE 

The MPCC is a high speed, high performance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to a 4 MHz.. The clock can also be used in the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 

RTS (Request to Send) Output 

The RTS output to the DCE is controlled by the RTSLVL bit in 
the SICR inn conjunction with the state of the transmitter section. 
When the RTSLVL bit is set to 1, the RTS output is asserted. 
When the RTSLVL bit is reset to 0 (no soon er tha n one full cycle 
of TxC after transmission has started), the RTS output remains 
asserted until the TxFIFO becomes empty, or the end of the 
message (or frame), complete with CRC code (if a ny), c losing 
flag, and one full cycle of idle has been transmitted. RTS also is 
negated whe n the R TSLVL bit is reset during transmitter idle, 
or when the RESET input is asserted. 

CTS (Clear to Send) Input 

The CTS input signal is normally generated by the DCE to indi- 
cate whether or not the data set is ready to receive data. The 
CTST bit in the SISR reflects the transition status of the CTS 
input while the CTSLVL bit in the SISR refle cts t he current level. 
A positive transition on the C TS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission of each frame. 

DCD (Data Carrier Detect) Input 

The DCD input signal is normally gnerated by the DCE and indi- 
cates that the DCE is receiving a data carrier signal suitable for 
demodulatio n. Th e DCDT bit in the SISR reports the transition 
status of the DCD input while the DCDLVL bit in the SISR c on- 
tains the c urren t level. A positive transition on the DCD pin 
asserts t he IR Q output if the DCD IE bit in the SIER is set. A 
negated DCD input disables the start of the receiver but does 
not stop the operation of an incoming message already in 
progress. 
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DSR (Data Set Ready) Input/RSYN Output 

The DSRT input from the DCE indicates the status of the local 
set. The DSRT bit in the SISR contains the transition status of 
the DSR input while the DSRLVL bit in t he S ISR reports the 
curr ent level. A negative transition on the DSR pin asserts the 
IRQ output if the DSR IE bit in the SIER is set. 

The DSR pin is used as an output for RSYN when enabled by 
a 1 in RSR4 (RSYNEN = 1). DSR output low indicates detection 
of a SYN (non-transparent) in BSC or COP protocols or DLE- 
SYN pair (transparent) in BSC protocol. It is asserted as a 
negative-going pulse one-bit time after the end of the SYN byte 
and lasts for one full serial clock cycle before being reset. 

In BOP protocol, RSYN is asserted as a result of address match 
at the beginning of a frame. It is asserted one bit time after the 
end of the address byte(s) if an address match is made, and 
lasts for one full serial clock cycle. 

DTR (Data Terminal Ready) Output 

The DTR output is general purpose in na ture and can be used 
to control switching of the DCE. The DTR output is controlled by 
the DTRLVL bit in the SICR. 

TxC (Transmitter Clock) Input/Output 

The transmitter clock (TxC) may be programmed to be input or 
an output. When the TCLKO control bit in the CCR is set to a 
1 , the TxC pin becomes an output and provides the DCE with 
a clock whose frequency is determined by the internal baud rate 
generator. When the TCKLO control bit is reset, TxC is an input 
and the transmitter shift timing must be provided exernally. The 
TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO = 0 
in the CCR, the TxC input frequency must be two times the 
desired baud rate. 

TxD (Transmitted Data) Output 

The serial data transmitted from the MPCC is coded in NRZ data 
format. The first byte of a message transmitted out of the R68561 
MPCC is the even byte of the 68000 bus (D8-D15). It is trans- 
mitted least significant bit (LSB) first. 

RxC (Receiver Clock) Input 

The receiver latches data on the negative transition of the RxC. 

RxD (Received Data) Input 

The serial data received by the MPCC is in NRZ data format. 
The first byte received in the MPCC RXFIFO is output to the 
68000 bus on (D8-D15). 

Serial Interface Timing 

The timing for the serial interface clock and data lines is shown 
in Figure 18. The MPCC supports high speed synchronous oper- 
ation. As shown, the TxD output changes with the negative-going 
edge of TxC and the received data on RxD is latched on the 
negative edge of RxC. This assures high speed two-way opera- 
tion between two MPCCs connected as shown in Figure 17. 


For low speed operation between the MPCC and a modem or 
RS-232C Data Communications Equipment (DCE), an inverter 
can be used in the TxC output lines as shown in Figure 17. 
RS-232 and RS-423 (covering serial data interface up to 
lOOKbaud) require that data be centered ±25% about the 
negative-going edge of the RxC. This criteria is met for fre- 
quencies up to 1 .25 MHz using the inverter. Use of the inverter 
also allows MPCC to MPCC operation up to 2.17 MHz. 


SERIAL COMMUNICATION MODES 
AND PROTOCOLS 

ASYNCHRONOUS AND ISOCHRONOUS MODES 

Asynchronous and isochronous data are transferred in frames. 
Each frame consists of a start bit, 5 to 8 data bits plus optional 
even or odd parity, and 1, 1 V 2 , or 2 stop bits. The data charac- 
ter is transmitted with the least significant bit (LSB) first. The data 
line is normally held high (MARK) between frames, however, a 
BREAK (minimum of one frame length for which the line is held 
low) is used for control purposes. Figure 4 illustrates the frame 
format supported by the MPCC. 

Asynchronous Receive 

In the asynchronous (ASYNC) mode, data reception on RxD 
occurs in three phases: (1) detection of the start bit and bit 
synchronization, (2) character assembly and optional parity check, 
and (3) stop bit detection. The receiver bit stream may be synchro- 
nized by the internal baud rate generator clock or by an external 
clock on RxC. When RCLKIN in the CCR is set to 0, an external 
clock with a frequency of 16, 32, or 64 times the data rate estab- 
lishes the data bit midpoint and maintains bit synchronization. 
The character assembly process does not start if the start bit is 
less than one-half bit time. Framing and parity errors are 
detected and buffered along with the character on which errors 
occurred. They are passed on to the RxFlFO and set appropriate 
status bits in the RSR when the character with an error reaches 
the last RxFIFO register where it is ready to be transferred onto 
the data bus via the RDR. 

Isochronous Receive 

In the isochronous (ISOC) mode, a times 1 clock on RxC is 
required with the data on RxD and the serial data bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detection of a valid start bit, or the beginning of a break, is satis- 
fied by the detection of a high-to-low transition on the serial data 
Input line. Error detection and status indication are the same as 
the asynchronous mode. 

Asynchronous and isochronous Transmit 

In asynchronous and isochronous transmit modes, output data 
transmission on TxD begins with the start bit. This is followed 
by the data character which is transmitted LSB first. If parity gener- 
ation is enabled, the parity bit is transmitted after the MSB of the 
character. Each frame is terminated with 1 , 1 V 2 or 2 stop bits as 
selected by PSR2 bits 5 and 6. 


4-101 



R68560, R68561 


Multi-Protocol Communications Controiier (MPCC) 


ASYNCHRONOUS FRAME FORMAT 


DATA 

1 

1 

1 

1 rc r 1 

1 1 1 1 
L 1 

1 

1 

! 1 

1 T 1 
1 1 1 
1 l_J 

r 

1 


START 

LBS 

TC- 

MSB 

PARITY 

STOP 







(OPT) 

(1, V/2, OR 2 BITS) 




< 

5 TO 8 BITS 

► 




ISOCHRONOUS FRAME FORMAT 

“ “uirLAjmrLTLrLrL 



DATA 

1 

1 

1 


TC- T ^ 

! 1 ! 1 I 

START 

LBS 

I MSB 

e Trs 0 Di*ro ^ 

PARITY STOP 1 

(OPT) (1 OR 2 BITS) I 

1 



Figure 4. Asynchronous and Isochronous Frame Format 


SYNCHRONOUS MODES 

In synchronous modes, a times one clock is provided along with 
the data. Serial output data is shifted out and input data is latched 
on the falling edge of the clock. 

BIT ORIENTED PROTOCOLS (BOP) 

In bit oriented protocols (BOP), messages (data) are transmitted 
and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequence, and a closing 
flag. A frame may also contain an information field. (See Figure 5). 

The opening flag is a special character whose bit pattern is 
01111110. It marks the frame boundaries and is the interframe 
fill character. The address field of a frame contains the address 
of the pecondary station which is receiving or responding to a 
command. The address field may be one or more bytes long. The 


address field can be extended by setting the ADDEX bit to a 1 
in PSR1 . In this case, the address field will be extended until the 
occurrence of an address byte with a 1 in bit 0. The first byte 
of the address field is automatically checked when the MPCC is 
programmed to be a secondary station in BOP. An automatic 
check for global (11111111) or null (00000000) address is also 
made. The control field of one or two bytes is transparent to the 
MPCC and sent directly to the host without interpretation. 

The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is used for error detection and the CRC 
remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X"'® + X 12 
-H X5 -H 1 (CRC-CCITT) should be used, i.e., selected in the 
CRC SEL bits in the ECR. The registers representing the 
CRC-CCITT polynomial are generally preset to all Is, and the Is 
complement of the resulting remainder is transmitted. (See 
X.25 Recommendation.) 


FLAG 

ADDRESS 

CONTROL 

INFORMATION 

FCS 

FLAG 

01111110 

1 OR N 

1 OR 

N BYTES 

2 BYTES 

01111110 


BYTES 

2 BYTES 

(OPTIONAL) 




Figure 5. Bit Oriented Protocol (BOP) Frame Format 
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Zero insertion/deletion is employed to prevent valid frame data 
from being confused with the special characters. A 0 is inserted 
by the transmitter after every fifth consecutive 1 in the data 
stream. These inserted zeros are removed by the receiver to 
restore the data to its original form. The inserted zeros are not 
included in the CRC calculation. 

The end of the frame is determined by the detection of the closing 
Flag special character which is the same is the opening Flag. 

With the control options offered by the MPCC, commonly used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. 

BOP Receiver Operation 

In BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection of a Flag. The receiver 
also continues to search for additional Flag, or Abort, charac- 
ters on a bit-by-bit basis. Zero deletion is implemented in the 
Receiver Shift Register after the Flag detection logic and before 
the CRC circuitry. The receiver recognizes the shared flag (the 
closing flag for one frame serves as the opening flag for the next 
frame) and the shared zero (the ending 0 of a closing flag serves 
as the beginning 0 of an opening flag forming the pattern 
“ 011111101111110 .” 

Character assembly and CRC accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation 
includes all the characters between the opening Flag and the 
closing Flag. The contents of the CRC register are checked at 
the close of a frame and the C/PERR bit in the RSR is updated. 
The FCS and the Flag are not passed on to the RxFIFO. 

If the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 
status is updated. When an Abort (seven Is) is detected, the 
remaining frame is discarded and the RA/B bit is set in the RSR. 
When a link idle (15 or more consecutive Is) is detected, the 
RIDLE status bit is set in the RSR. The zeros that have been 
inserted to distinguish data from special characters are detected 
and deleted from the data stream before characters are assem- 
bled. The MPCC programmed as a secondary station provides 
automatic address matching of the first byte. If there is no 
address match, or if null address is received, the receiver ignores 
the remainder of the frame by searching for the Flag. If there 
is a match, the address bytes are transferred to the RxFIFO as 
they are assembled. 


For the control field, one or two bytes are assembled and passed 
on to the RxFIFO depending on the state of the extended con- 
trol field bit. 

If the CFCRC bit In the ECR is set to 1, an intermediate CRC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. 


BOP Transmitter Operation 

In BOP, the TxFlFO can be preloaded through the TDR while 
the transmitter is disabled (TEN = 0 in the TCR). When the trans- 
mitter is enabled (TEN = 1 in the TCR), the leading Flag is auto- 
matically sent prior to transmitting data from the TxFIFO. The 
TDRA bit is set to 1 in the TSR as long as TxFIFO is not full. 
If an underrun occurs, the TUNRN bit in the TSR is set to a 1 
and an Abort (1 1 1 1 1 1 1 1) is transmitted followed by continuous 
Flags or marks until a new sequence is initiated. 

The TLAST bit in the TCR must be set prior to loading the last 
character of the message to signal the transmitter to append 
the two-byte Frame Check Sequence (FCS) following the last 
character. If the transmitter DMA mode is selected (the TD SREN 
bit set to 1 in the TCR) the TLAST bit is set by the DONE signal 
from the DMAC. 

A message may be terminated at any time by setting the TABT 
bit in the TCR to 1 . This causes the transmitter to send an Abort 
character followed by the remainder of the current frame data 
in the TxFIFO. 

The serial data from the Transmitter Shift Register is continu- 
ously monitored for five consecutive Is, and a 0 is inserted in 
the data stream each time this condition occurs (excluding Flag 
and Abort characters). 

CRC accumulation begins with the first non-Flag character and 
includes all subsequent characters. The CRC remainder is trans- 
mitted as the FCS following the last data character. If the 
CTLCRC bit in the ECR is set to 1, an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence is calculated over the balance of 
the frame. 


IBM SDLC FRAME FORMAT 


FLAG 

ADDRESS 

CONTROL 

INFORMATION 

FCS 

FLAG 

01111110 

1 BYTE 

1 BYTE 

N BYTES 

2 BYTES 

01111110 


HDLC FRAME FORMAT 


FLAG 

ADDRESS 

CONTROL 

INFORMATION 

FCS 

FLAG 

01111110 

N BYTES 

1 OR 

2 BYTES 

N BYTES 

2 BYTES 

01111110 


Figure 6. Bit Oriented Protocols 
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LEADING PAD 

SYN 

SYN 

BODY 

BCC 

TRAILING 

1 BYTE 

1 BYTE 

1 BYTE 



PAD 

(AR1) 

(AR2) 

(AR2) 



11111111 


Figure 7. BSC Block Format 


BISYNC (BSC) 

The structure of messages utilizing the IBM Binary Synchronous 
Communications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC can process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 
codes. The CRC-16 polynomial should be selected by setting 
the appropriate CRCSEL bits in the ECR for both transparent 
and non-transparent EBCDIC and for transparent ASCII coded 
messages. VRC/LRC should be selected for non-transparent 
ASCII coded messages. BSC messages are formatted using 
defined data-link control characters. Data-link control characters 
generated and recognized by the MPCC are listed in Table 4. 


Table 4. BSC Control Sequences— Inclusion 
in CRC Accumulation 


ASCII 

EBCDIC 1 

Command 

Byte 1 

Byte 2 

Command 

Byte 1 

Byte 2 

SYN 

16* 

_ 

SYN 

32* 

_ 

SOH 

01 

— 

SOH 

01 

— 

STX 

02 

— 

STX 

02 

— 

ETB 

17 

— 

EOB (ETB) 

26 

— 

ETX 

03 

— 

ETX 

03 

— 

ENQ 

05 

— 

ENQ 

2D 

— 

DLE 

10 

— 

DLE 

10 

— 

ITB 

IF 

— 

ITB 

IF 

— 

EOT 

04 

— 

EOT 

37 

— 

ACK N* 

10 

30-37 

ACK 0 

10 

70 

NAK 

15 

— 

ACK 1 

10 

61 

WACK 

10 

3B 

NAK 

3D 

— 

RVI 

10 

3C 

WACK 

10 

6B 




RVI 

10 

7C 

Note: ‘Programmable 


A heading is a block of data starting with an SOH and contain- 
ing one or more characters that are used for message control 
(e.g., message identification, routing, and priority). The SOH initi- 
ates the block-check-character (BCC) accumulation, but is not 
included in the accumulation. The heading is terminated by STX 
when it is part of a block containing both heading and text. A 
block containing only a heading is terminated with an ITB or an 


ETB followed by the BCC. Only the first SOH or STX in a trans- 
mission block following a line turnaround causes the BCC to 
reset. All succeeding STX or SOH characters are included in 
the BCC. This permits the entire transmission (excluding the first 
SOH or STX) to be block-checked. 

The text data is transmitted in complete units called messages, 
which are initiated by STX and concluded with ETX. A message 
can be subdivided into smaller blocks for ease in processing 
and more efficient error control. Each block starts with STX and 
ends with ETB (except for the last block of a message, which 
ends with ETX). A single transmission can contain any number 
of blocks (ending with ETB) or messages (ending with ETX). An 
EOT following the last ETX block Indicates a normal end of trans- 
mission. Message blocking without line turnaround can be 
accomplished by using ITB (see the Additional Data Link Capa- 
bilities section, IBM GA 27-3004-2). 

Two modes of data transfers are used in BSC. In non-transparent 
mode, data link control characters may not appear as text data. 
In transparent mode, each control character is preceded by a 
data link escape (DLE) character to differentiate it from the text 
data. Table 5 indicates which control characters are excluded 
in the CRC generation. All characters not shown in the table are 
included in the CRC generation. Figure 8 shows various formats 
for Control/Response Blocks and Heading and Text Blocks. 


Table 5. Transparent Mode BSC Control Sequences — 
Inclusion in CRC Accumulation 



Included in CRC Accumulation | 

Character of Sequence 

Yes 

No 

TSYN 

_ 

DLESYN 

TSOH 

— 

DLESOH 

TSTX* 

— 

DLESTX 

TETB 

ETB 

DLE 

TETX 

ETX 

DLE 

TDLE 

(DLE)DLE 

DLE(DLE) 

*lf not preceded within the same block by transparent heading 
information. 
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BSC Receiver Operation 

Character length defaults to eight bits in BSC mode. When ASCII 
is selected, the eighth bit is used for parity provided that 
VRC/LRC polynomial is selected. Character assembly starts after 
the receipt of two consecutive SYN characters. Serial data bits 
are shifted through the Receiver Shift Register into the Serial- 
to-Parallel Register and transferred to the RxFIFO. The RDA sta- 
tus bit in the RSR is set to 1 each time data is transferred to 
the RxFIFO. The SYN character pairs in non-transparent mode 
and DLE-SYN pairs in transparent mode are discarded. 

The receiver starts each block in the non-transparent mode. It 
switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
a DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SOH, STX, or DLE- 
STX. SYN characters in non-transparent mode or DLE-SYN pairs 
in transparent mode are excluded from the BCC accumulation. 
The first DLE of a DLE-DLE sequence is not included in the BCC 
accumulation and is discarded. The BCC is checked after receipt 
of an ITB, ETB, or ETX in non-transparent mode or DLE-ITB, 
DLE-ETB, DLE-ETX in transparent mode. If a CRC error is 
detected, the C/PERR and EOF bits in the RSR are set to 1. 
If no error is detected only the EOF bit is set. If the closing 
character was an ITB, BCC accumulation and character assem- 
bly starts again on the first character following the BCC. 

BSC Transmitter Operation 

BSC transmission begins with the sending of an opening pad 
(PAD) and two sync (SYN) characters. These characters are 
programmable and stored in AR1(PAD) and AR2(SYN). The first 
SOH or STX initiates the block-check-character (BCC) accumu- 
lation. An initial SOH or STX is not included in the BCC accumu- 
lation. Should an underrun condition occur, the content of AR2 
(normally SYN character) is transmitted until new characters 
become available. The message is terminated by the transmis- 
sion of the BCC followed by a closing pad when an ETB, ITB, 
or ETX is fetched from the TxFIFO. The closing PAD is gener- 
ated by the MPCC. 

In transparent mode, the BCC accumulation is initiated by DLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CRC accumulation. If an underrun occurs, DLE-SYN charac- 
ters will be transmitted until new characters are available in the 
TxFIFO. ETB, ETX, ITB, or ENQ with a TLAST tag is treated 
as a control character and the MPCC automatically inserts a DLE 
immediately preceding these characters. DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, 
and returns the data link to normal mode. BCC generation is 
not used for messages beginning with characters other than 
SOH, STX, DLE-SOH, or DLE-STX. On all message types, if the 
TSYN bit is set to 1 in the TCR, a SYN-SYN (DLE-SYN sequence 
on transparent messages) sequence is transmitted before the 
next character is fetched from the TxFIFO. 


CHARACTER ORIENTED PROTOCOLS 

The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair 
of consecutive SYN characters to establish character 
synchronization. These SYN characters are discarded after 
detection. The PAD and SYN characters may be 5-8 bits long 
and are user programmable as stored in AR1 and AR2, 
respectively. 

If parity checking is enabled the characters assembled after 
character sync are checked for parity errors. If STRSYN is set 
in the RCR, all SYN characters detected within the message 
will be discarded and will not be passed on to the RxFIFO. If 
STRSYN is reset, SYNs detected within the message will be 
treated as data. 


DMA CONSIDERATIONS 

When the R68561 , in the word mode, is used with a DMAC, high 
throughput of bit-oriented protocols is achieved. However, prob- 
lems can arise when trying to DMA byte-oriented data in the word 
mode. 

BOP and BSC have well-defined message boundaries and the 
MPCC can detect the end of message, determine if there is an 
odd (single) byte at the end of a message, and so inform the 
host MPU by setting the Received Half Word (RHW) bit in the 
Frame Status byte. 

In byte-oriented protocols (such as ASYNC and COP) there is 
no defined message length. In the word mode, received bytes 
are grouped in pairs. In the byte mode, each byte is available 
through the RxFIFO as it is received. Thus, the MPCC in the 
word mode has no way of knowing when an odd (single) byte 
has been received at an end of a transmission to be passed onto 
the host MPU. In the word mode received bytes are grouped 
in pairs. In the byte mode each byte is available through the FIFO 
as it is received. 

For transmission of data by the MPCC in the word mode, the 
MPCC provides a Transmit Half Word (THW) bit in the Trans- 
mit Control Register. When set, this bit informs the MPCC that 
the l ast wo rd in the TxFIFO (marked by setting the TLAST bit 
with DONE) contains only the upper byte as valid data. However, 
the currently available DMACs have no method to inform the 
MPCC that the last word of the message contains a single byte 
and MPU intervention is necessary. 

To handle byte-oriented protocols with DMAC, an R68561 in the 
byte mode or the R68560 (byte mode only) should be used. 


LEADING PAD 

5-8 BITS 

SYN 

5-8 BITS 

SYN 

5-8 BITS 

1 MESSAGE 1 

^ BIT CHAnACTERo * 

(AR1) 

(AR2) 

(AR2) 

1 1 


Figure 9. Character Oriented Protocol Format 
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Figure 11. Typical Interface to 68008-Based System 
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SOURCE 

MPU 

MPU 

BUS 


MPU 


MPU 


MPCC 


MPCC 


A1-A4 

AQi 

CS 

LDS/DS 

UDS2 

R/W 

DTACK 

D0-D15 



NOTES: 

1. BYTE MODE WHEN CONNECTED TO AO ON 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 

4. SEE ADDITIONAL NOTES ON PAGE 32. 


Figure 12. MPCC Read Cycle Timing 



SOURCE 


MPU 

MPU 

BUS 

MPU 

MPU 

MPCC 

MPU 


A1-A4 

AO^ 

CS 

LDS/DS 

UDS2 

R/W 

DTACK 

D0-D15 



NOTES: 

1. BYTE MODE WHEN CONNECTED TO AO ON 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 

4. SEE ADDITIONAL NOTES ON PAGE 32. 


Figure 13. MPCC Write Cycle Timing 
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INTERNAL 
RECEIVER 
CLOCK 
(BAUD RATE) 


MPCC RDSR 



DMAC DACK 


LDS/PS 
DMAC UDS/A02 


MPCC D0-D15 


DMAC R/W 


MPCC DONE 


DMAC DTC 



NOTES: 

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 

2. WORD MODE ONLY. 

3. SEE ADDITIONAL NOTES ON PAGE 32. 


Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode) 
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INTERNAL 
TRANSMITTER 
CLOCK 
(BAUD RATE) 



LDS/DS 

UDS/A02 



NOTES: 

1 . TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 

2. WORD MODE ONLY. 

3. SEE ADDITIONAL NOTES ON PAGE 32. 


Figure 15. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode) 
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Figure 16. Interrupt Request Cycle Timing 



Figure 17. Serial Interface 
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HIGH SPEED APPLICATION 



LOW SPEED APPLICATION (RS-232 COMPATIBLE) 



Figure 18. Serial Interface Timing 





RXO ) 

! 

\ 


@ — ► 


TxD ) 

/ 

V 

NOTE: 

TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF O.i 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 

B VOLTS AND A HIGH VOLTAGE 


Figure 19. Serial Interface Echo Mode Timing 
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AC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0 Vdc, Ta = 0°C to 70°C) 


Number 

Parameter 

Symbol 

Min 

Max 

Unit 

1 

R/W High to DS Low 

^RHSL 

0 

- 

ns 

2 

Address Valid to CS, ^ Low 

UVSL 

30 

- 

ns 

31 

CS Low to DTACK Low 

tCLDAL 

0 

60 

ns 

41 

CS, DS Low to Data Valid 

^SLDV 

0 

140 

ns 

5 

DS High to Data Invalid 

tSHDXR 

10 

150 

ns 

6 

DS High to DTACK High 

, ^SHDAT 

0 

40 

ns 

7 

DS High to Address Invalid 

^SHAI 

20 

- 

ns 

8 

DS High to R/W Low 

tSHRL 

20 

- 

ns 

9 

R/W Low to CS, DS Low 

tRLSL 

0 

- 

ns 

10 

CS High, DS High to R/W High 

*SHRH 

20 

- 

ns 

11 

Data Valid to DS High 

toVSH 

60 

- 

ns 

12 

CS, DS High to Data Invalid 

fSHDXW 

0 

- 

ns 

17 

DTC Low to DS High 

^CLSH 

60 

- 

ns 

18 

DACK Low to Data Valid, DONE Low 

Uldv 

0 

140 

ns 

19 

DS High to Data Invalid 

^SHDXDR 

10 

150 

ns 

21 

Data Valid to DS High 

^DVSH 

60 

- 

ns 

22 

DS High to Data Invalid 

^SHDXDW 

0 

- 

ns 

25 

lACK Low to DTACK Low 

tiALAL 

0 

40 

ns 

26 

lACK, DS Low to Data Valid 

t|ALDV 

0 

140 

ns 

27 

DS High to Data Invalid 

t|SHDI 

10 

150 

ns 

28 

lACK High to DTACK High 

tiAHDAT 

0 

40 

ns 

30 

RxC and TxC Period 

tcp 

248 

— 

ns 

31 

TxC Low to TxD Delay 

*TCLTD 

0 

200 

ns 

32 

RxC Low to RxD Transition (Hold) 

tRCLRD 

0 

— 

ns 

33 

RxD Transition to RxC Low (Setup) 

^DRCL 

30 

- 

ns 

34 

RxD to TxD Delay (Echo Mode) 

tRDTD 

- 

200 

ns 

35 

R/W Low to DACK Low (Setup) 

tRLAL 

0 

- 

ns 

36 

MCK High to DOi^ High 

tAHDH 

0 

— 

ns 

372.3 

RDSR Pulse Width 

tppw 

1 

- 

clock period 

382. 4 

TDSR Pulse Width 

tjpw 

1 

— 

clock period 

Notes: 

1. For read cycle tinning, the MPCC asserts DTACK within the MPU S4 clock low setup time requirement and establishes 

valid data (Data In) within the MPU S6 clock low setup time requirement. 

2. For synchronous protocols, this is one full serial clock period of RxC for RDSR and TxC for TDSR. 

3. For asynchronous protocols, RDSR is asserted for two system clock periods for a prescale factor of 2 and for three system clock 

periods for a prescale factor of 3. 

4. For asynchronous protocols, TDSR is asserted for a period of one-half the baud rate. 




‘NOTES TO FIGURES 12-16. 

Address, LDS, UDS and RA/V are signals generated by the 
68000 MPU and its bus timing prevails. CS is derived with 
external Jogic from the address bus and generally an Address 
Strobe (AS) signal fr^ the MPU. It will naturally be delayed 
somewhat from the AS signal. The active read or write cycle 
timing in the MPCC is during the summation of the active sig- 
nal time, i.e., the last active signal starts the timing sequence. 
For an MPCC read cycle, for example, the data out parameter 
(tsLDv, ite m 4) will be available 0 to 140 ns from the falling edge 
of CS or LDS whichever is active last. The data out parameter 


(tsHDXR . item 5) will remain valid for 0-150 ns after the negation of 
CS or LDS, whichever is negated first. 

Tlie minimum pulse widths for CS, LDS, UDS, DACK, lACK and 
DTC are not specified since they are system dependent and relate 
to system clock timing. For example, it is apparen t that the mini- 
mum active time for “AND” condition of CS and LDS is 140 ns 
(tsLDv. ite m 4) plus the setup time of the Data In to the receiving 
device if LDS hi gh is used to s tro be the d ata in . These same fac- 
tors hold true for UDS, DACK and lACK. If DTC is u sed i t must be 
true a minimum of 60 ns before the rising edge of LDS and thus 
this is the minimum pulse width. It may be connected to ground. 
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ABSOLUTE MAXIMUM RATINGS' 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.3 to +7.0 

V 

Input Voltage 

V,N 

-0.3 to +7.0 

V 

Operating Temperature Range 

Ta 

0 to +70 


Storage Temperature 

Tstg 

-55 to +150 

°c 


'NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


THERMAL CHARACTERISTICS 


Parameter 

Symbol 

Value 

Rating 

Thermal Resistance 

^JA 


oc/w 

Ceramic 


50 


Plastic 


68 



DC CHARACTERISTICS 

(Vcc = 5.0 Vdc ±5%, Vss = 0 Vdc, Ta = 0°C to 70°C unless otherwise noted) 


Parameter 

Symbol 

Min 

Max 

Unit 

Test Conditions 

Input High Voltage 

All Inputs 

V|H 

2.0 

< 

o 

o 

V 


Input Low Voltage 

All Inputs 

V,L 

-0.3 

+ 0.8 

V 


Input Leakage Current 

R/W, RESET, CS, A1-A4 

l|N 

— 

10.0 

aA 

V,N = 0 to 5.25V 

Vcc = 5.25V 

Three-State (Off State) Input Current 

IRQ, DTACK, D0-D15 

Ttsi 

— 

10.0 

fiA 

V,N = 0.4 to 2.4V 
Vcc = 5.25V 

Output High Voltage 

RDSR, TDSR, IRQ, DTACK, D0-D15, DSR, DTR, RTS, 

TxD, TxC 

X 

>° 

^ss + 2.4 

- 

V 

Vcc = 4.75V 
•load = “ 400 fiA 
Cload = 130 pF 

BCLK 

VOH 

Vss + 2.4 


V 

Vcc = 4.75V 
•load = 0 

Cload = 30 pF 

Output Low Voltage 

RDSR, TDSR, IRQ, DTACK D0-D15, DSR, DTR, RTS, 

TxD, TxC, BCLK, 

VoL 

- 

0.5 

V 

Vcc = 4.75V 

Load = 3.2 mA 

D^ 

VoL 

— 

0.5 

V 

Vcc = 4.75V 

Iload = 8-3 

Internal Power Dissipation 

Pint 

- 

1 

W 

Ta = 25^0 

Input Capacitance 

C|N 


13 

PF 

V|N = ov 

Ta = 25‘’C 
f = 1 MHz 
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10937 and 10957 

Rockwell 

Alphanumeric Display Controller 


DESCRIPTION 

The 10937 and 10957 Alphanumeric Display Controllers, two 
of the Rockwell Intelligent Display Controller products, are 
MOS/LSI general purpose display controllers designed to inter- 
face to segmented displays (vacuum fluorescent, or LED). 


The 10937 or 10957 will drive displays with up to 16 characters 
with 14 or 16 segments plus a decimal point and comma tail. 
Segment decoding within each device provides for the ASCII 
character set (upper case only). No external drive circuitry is 
required for displays that operate on 20 ma of drive current up 
to 50 volts. A 16 X 64-bit segment decoder provides internal 
ASCII character set decoding for the display. 


The 10937 and 10957 are identical with the exception that the 
10957 has two additional decodings for the decimal point and 
comma tail. 


FEATURES 

• 1 6 character display driver with decimal point and comma tail 

• 14 or 16 segment drivers 

• Up to 66 kHz data rate 

• Direct digit drive of 20 ma at 50 volts 

• Supports vacuum fluorescent, or LED displays 

• 64 X 16-bit PLA provides segment decoding for ASCII 
character set (all caps only) 

• Serial data input for 8-bit display and control data words. 

• 40-Pin DIP 


ORDERING INFORMATION 


Part 

Package 

Drive 

Temperature 

Number 

Type 

Voltage 

Range (®C) 

109X7P-40 

Plastic 

40V 

0 to +70 

109X7P-50 

Plastic 

50V 

0 to +70 

109X7PE-40 

Plastic 

40V 

-40 to +85 

109X7PE-50 

Plastic 

50V 

-40 to +85 

Note: X = 3 or 5 | 



SGA 

SGB 

SGC 

SGD 

SGE 

SGF 

SGG 

SGH 

SGI 

SGJ 

SGK 

SGL 

SGM 

SGN 

SGO 

SGP 

PNT 

TAIL 


10937 and 10957 Block Diagram 


Data Sheet 


Document No. 29000D85 
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INTERFACE DESCRIPTION 


Pin Functions 


Signal Name 

Pin No. 

Function 

VSS 

1 

Power and signal reference 

AD 1 6-AD 1 

2-17 

Digits 16 through 1 driver outputs 

VDD 

18 

DC power connection 

A 

19 

A clock output used for testing 

POR 

20 

Power-on reset input 

DATA 

21 

Serial data input 

SCLK 

22 

Serial data clock input 

SGA-SGP 

23-38 

Segments A through P driver outputs 

TAIL 

39 

Comma tail driver output 

PNT 

40 

Decimal point driver output 


SPECIFICATIONS 
MAXIMUM RATINGS* 

All voltages are specified relative to Vss- 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage 

Vdd 

+ 0.3 

-20 

V 

Input Voltage 

V,N 

+ 0.3 

-20 

V 

Output Voltage 

VoUT 

+ 0.3 

-50 

V 

Operating Current 

'dd 


7 

mA 

Output Current Digits 

•SD 


20 

mA 

Output Current Segments 
Operating Temperature 

•ss 


10 

mA 

Commercial 

Tc 

0 

+ 70 

®C 

Industrial 

T, 

-40 

+ 85 

°C 

Storage Temperature 

^STG 

-55 

+ 125 

‘’C 

Input Capacitance 

C,N 


5 

PF 

Output Capacitance 

CqUT 


10 

PF 


VSS 

nz 

1 

40 


PNT 

AD16 

izz 

2 

39 

ZZ 

TAIL 

ADI 5 

cz 

3 

38 


SGP 

AD14 

IZI 

4 

37 

ZZ 

SGO 

ADI 3 

nz 

5 

36 

ZZ 

SGN 

AD12 

cz 

6 

35 

ZZ 

SGM 

AD11 

cz: 

7 

34 

ZZ 

SGL 

AD10 

cz: 

8 

33 

ZZ 

SGK 

AD9 

cz 

9 

32 

ZZ 

SGJ 

ADS 

cz 

10 

31 

ZZ 

SGI 

AD7 

cz 

11 

30 

ZZ 

SGH 

AD6 

cz 

12 

29 

ZZ 

SGG 

ADS 

c= 

13 

28 

ZZ 

SGF 

AD4 

cz 

14 

27 

ZZ 

SGE 

ADS 

cz 

15 

26 

ZZ 

SGD 

AD2 

[ZZ 

16 

25 

ZZ 

SGC 

AD1 

cz 

17 

24 

ZZ 

SGB 

VDD 

cz 

18 

23 

ZZ 

SGA 

A 

IZZ 

19 

22 

ZZ 

SCLK 

POR 

cz 

20 

21 

ZZ 

DATA 


Pin Configuration 


*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this document is not implied. Exposure 
to absolute maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 



Limits (Vss = 

0) 

Limits (Vss = + 5V) 




Parameter 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Conditions 


Unit 

Supply Voltage (Vqd) 

-16.5 

-15.0 

-13.5 

-11.5 

-10.0 

-8.5 



V 

Power dissipation 


40 

100 


40 

100 



mW 

Input DATA, SCLK, 









V 

Logic “1” 

-1.0 


+ 0.3 

+ 4.0 


+ 5.3 



V 

Logic “0” 

Input POR 

Q 

Q 

> 


-4.2 

Vdd 


+ 0.8 




Logic “1” 

-3.0 


+ 0.3 

+ 2.0 


+ 5.3 




Logic “0” 

Output Digit and 

Segment Strobes 

Vdd 


-10.0 

Vqd 


-5.0 




Driver On 










Commercial 

Industrial 



-1.5 

-1.7 



+ 3.5 
+ 3.3 

At 10 mA 


V 

V 

Driver Off 109X7-40 
Driver Off 109X7-50 



-40 

-50 



-35 

-45 

Actual value 
determined by 
external circuit 


V 

V 

Output Leakage 



10 



10 

Per driver when 


mA 

Input Leakage 



10 

1 


10 

driver is off 


mA 

Notes: All outputs require pulldown resistors. X = 3 or 5 depending on device. | 


AC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

SCLK Clock 






On Time 


1.0 


20.0 

fxS 

Off Time 

Toff 

1.0 



fxS 

Data Input Sample Time 






Before SCLK Clock Off 

Tboff 

200 



ns 

After SCLK Clock Off 

Taoff 

100 



ns 
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SCLK and Serial Data Timing 


DUTY CYCLE = 11 

(1 CONTROL BIT, 2 COMMAND BITS) 


BUFFER POINTER = 11 
(1 CONTROL BIT, 3 COMMAND BITS) 


II 0 1 0 I 1 


CONTROL I COMMAND I 


1 1 1 
DATA 
BITS 


^ DIGIT COUNT = 15 

(1 CONTROL BIT, 3 COMMAND BITS) 

NOTE: CROSSHATCH = DON’T CARE 


SCLK and Serial Data (Control Word) Examples 



END OF 
DATA WORD 


NEXT 

DATA WORD 


MIN 40 fiSEC 


MIN 120 aSEC 


Data Word LSB/MSB Timing 



Power>On Reset Timing 
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FUNCTIONAL DESCRIPTION 

The 10937 or 10957 is a general purpose display controller for 
multiplexed, segmented displays with up to 16 character posi- 
tions and 14 or 16 segments, plus decimal point and comma 
tail. No external drive circuitry is needed for displays requiring 
up to 20 ma of drive current up to 50 volts. All timing signals 
required to control the display are generated in the 10937 or 
10957 device without any refresh input from the host processor. 

Input data is loaded into the Display Data Buffer via the Serial 
Data Input (Data) channel. Internal timing and control blocks 
synchronize the segment and digit output signals to provide the 
proper timing for the multiplexing operation. A 1 6 x 64-bit PLA 
is provided for segment decoding for the full ASCII character 
set (upper case only). 

Input data is loaded into the 10937 or 10957 ADC as a series 
of 8-bit words with the most significant bit (MSB), bit 7, first. If 
bit 7 of any word loaded is a logic 1 (this bit is referred to as 
the control bit C), the loaded word is a control data word. If the 
C bit of any word is a logic 0, the loaded word is a display data 
word. The following paragraphs describe the format and func- 
tions of these control and display data words. 


INPUT CONTROL DATA WORDS 

When the C-Bit (bit 7) of the 8-bit input word is a logic 1, bits 
5 and 6 are decoded into one of four control commands while 
data associated with the command are extracted from bits 0-4 
(see Table 1). The four control codes perform the following 
display functions: 

• Load the Display Data Buffer pointer, 

• Load the Digit Counter, 

• Load the Duty Cycle register, 

• Enable the Test Mode. 

Table 1 lists the control codes and their functions. 

Buffer Pointer Control 

The Buffer Pointer Control code allows the Display Data Buffer 
pointer to be set to any digit position so that individual charac- 
ters may be modified. The Buffer Pointer is loaded with a decimal 
equivalent value 2 less than the desired value (i.e., to point to 
the digit controlled by AD6 of the display, a value of 4 is entered). 
See Table 2 for a complete list of the Buffer Pointer values. 


Table 2. Buffer Pointer Control Codes 


Hex Code 

Pointer Value 

Character Controlled By 

AO 

0 

AD2 

A1 

1 

AD3 

A2 

2 

AD4 

A3 

3 

ADS 

A4 

4 

AD6 

A5 

5 

AD7 

A6 

6 

AD8 

A7 

7 

AD9 

A8 

8 

AD10 

A9 

9 

AD11 

AA 

10 

AD12 

AB 

11 

AD13 

AC 

12 

AD14 

AD 

13 

AD15 

AE 

14 

AD16 

AF 

15 

ADI 


Digit Counter Control 


The Digit Counter Control code is normally used only during ini- 
tialization routines to define the number of character positions to 
be controlled. This code maximizes the duty cycle for any dis- 
play. If 1 6 characters are to be controlled, enter a value of 0 (zero). 
Otherwise, enter the value desired. 

Duty Cycle Control 

The Duty Cycle Control code is used to turn the display on and off, 
and to adjust display brightness. As shown in the block diagram, 
the time slot for each character is 32 clock cycles. The segment 
and digit drivers for each character are on for a maximum of 
31 cycles with a 1 cycle inter-digit off-time. The Duty Cycle Con- 
trol code contains a 5-bit numeric field which modifies the on-time 
for the driver outputs from 0 to 31 cycles. A duty cycle of 0 puts 
both the segment and digit drivers into the off state. 

Test Mode Enable 

The Test Mode Enable code is a device test function only. If exe- 
cuted, it will lock the device in the Test Mode. Once locked in, 
the device can only be removed from Test Mode by performing 
a power-on reset. 

If this mode is activated, the digit time is reduced from 32 to 
4 clock cycles to speed up the output driver sequencing time 
for ease in testing. 

INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit ASCII format codes. The 
64 codes available (with the C-bit set to 0 to indicate a display 
data word) are shown in Table 3 with their corresponding ASCII 
characters. 


Table 1. Control Data Words 


8-Bit Control Word 

Function 

C-Bit (Bit 7) 

7-Bit Code (Bits 6-0) 

1 

010NNNN0) 

BUFFER POINTER CONTROL (Position of character to be changed) 

1 

lOONNNNO) 

DIGIT COUNTER CONTROL (Number of characters to be output) 

1 

11NNNNN(2) 

DUTY CYCLE CONTROL (On/off and brightness control) 


00NNNNN(3) 

TEST MODE ENABLE (Not a user function) 


Notes: 1. NNNN is a 4-bit binary value representing the 3. This code is a device test function only. If exe- 

digit number to be loaded. cuted it will lock the device in the test mode. 

2. NNNNN is a 5-bit binary value representing the Once locked in, the device can only be removed 

number of clock cycles each digit is on. from Test Mode by performing a power-on reset. 
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Sixteen display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer Is automatically incre- 
mented before each data word is stored in the Display Buffer 
except for decimal point and comma words. These do not cause 
the Buffer Pointer to increment and thus are always associated 
with the previous character entered. To select the next character 


position to be loaded out of the normal sequence, use the Buffer 
Pointer Control command before entering the display data word. 
It is not necessary to use the Buffer Pointer Control command 
to cycle back to position 1 when less than 16 character posi- 
tions are being used. 



Table 3. Character Assignments for Display Data Words 


DATA WORD 

CHARACTER 

DATA WORD 

CHARACTER 

DATA WORD 

CHARACTER 

DATA WORD 

CHARACTER 

BINARY 

HEX 

BINARY 

HEX 

BINARY 

HEX 

BINARY 

HEX 

0X000000 

00 

@ 

0X010000 

10 

P 

0X100000 

20 


0X110000 

30 

0 

0X000001 

01 

A 

0X010001 

11 

Q 

0X100001 

21 

! 

0X110001 

31 

1 

0X000010 

02 

B 

0X010010 

12 

R 

0X100010 

22 

” 

0X110010 

32 

2 

0X00001 1 

03 

C 

0X010011 

13 

S 

0X100011 

23 

# 

0X110011 

33 

3 

0X000100 

04 

D 

0X010100 

14 

T 

0X100100 

24 

$ 

0X110100 

34 

4 

0X000101 

05 

E 

0X010101 

15 

U 

0X100101 

25 

% 

0X110101 

35 

5 

0X000110 

06 

F 

0X010110 

16 

V 

0X100110 

26 

& 

0X110110 

36 

6 

0X0001 1 1 

07 

G 

0X010111 

17 

w 

0X100111 

27 


0X110111 

37 

7 

0X001000 

08 

H 

0X011000 

18 

X 

0X101000 

28 

( 

0X111000 

38 

8 

0X001001 

09 

1 

0X011001 

19 

Y 

0X101001 

29 

) 

0X111001 

39 

9 

0X001010 

OA 

J 

0X011010 

1A 

z 

0X101010 

2A 


0X111010 

3A 


0X001011 

OB 

K 

0X011011 

IB 

[ 

0X101011 

2B 

+ 

0X111011 

3B 

; 

0X001100 

OC 

L 

0X011100 

1C 

/ 

0X101100 

2C 

’ 

0X111100 

3C 

< 

0X001101 

OD 

M 

0X011101 

1D 

] 

0X101101 

2D 

— 

0X111101 

3D 

= 

0X001110 

OE 

N 

0X011110 

IE 

A 

0X101110 

2E 

. 

0X111110 

3E 

> 

0X001 1 1 1 

OF 

0 

0X011111 

IF 

- 

0X101111 

2F 

\ 

0X111111 

3F 

7 


Note: X means this bit (bit 7) is a “don’t care’’ bit except for PNT and TAIL on 10957 only. The hex codes shown assume bit 7 is a zero. 
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POWER-ON RESET (POR) 

The Power-On Reset (POR) initializes the internal circuits of the 
10937 or 10957 ADC when power (Vdd) is applied. The follow- 
ing conditions are established after a Power-On Reset: 

a. The Digit Drivers (ADI - ADI 6) are in the off state (floating). 

b. The Segment Drivers (SGA-SGP) are in the off state 
(floating). This includes PNT and Tail. 

c. The Duty Cycle is set to 0. 

d. The Digit Counter is set to 16 (a bit code value of 0). 

e. The Buffer Pointer points to the character controlled by ADI . 

DIGIT DRIVERS (AD1-AD16) 

The sixteen Digit Drivers (ADI - ADI 6) are used to select each 
of the display digits sequentially during a refresh scan. Display 
segments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized simul- 
taneously. The timing characteristics of both the digits and 
segments are shown in Figure 1 . See POR for the Power-On 
Reset state of these drivers. 


Table 4. Comparison of 10957 with 10937 


Input 

10937 

10957 

Data 

Character 

Character 

2C 


J 

2E 



6C 

> 


6E 




SEGMENT DRIVERS (SGA-SGP) 

Sixteen (16) Segment Drivers are provided (SGA-SGP), plus 
the decimal point (PNT) and comma tail (TAIL). The segment 
outputs are internally decoded from the 8-bit characters in the 
Display Data Buffer by means of a 64 x 16-blt PLA. The 
Segment Driver Allocations are shown in Figure 2, Data codes 
and their corresponding segment patterns are shown in Figure 3. 
Timing characteristics for the segment outputs are shown in 
Figure 1. See POR for the Power-On Reset state of these 
drivers. 


NOTE 

For 14-segment displays, SGA is used for the top segment 
and SGF is used for the bottom segment. SGB and SGE 
can be floated. 


TYPICAL SYSTEM HOOK-UP 

Figure 4 shows the 10937 or 10957 as it would be connected 
to a V-F display when driven by a host system. Ek is deter- 
mined by the V-F display specifications and Rc is selected to 
provide proper biasing current for zeners. Pull down resistors 
Ra and Rq are determined by the interconnection capacitance 
between the device and the display. 
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Vss 

DATA 

10937 OR 10957 

SCLK 

''do aDX SGX 

POR 


TYPICAL 

GRID 

(DIGIT) 

DRIVER 

CIRCUIT 



TYPICAL 

ANODE 

(SEGMENT) 

DRIVER 

CIRCUIT 



VACUUM FLUORESCENT 
DISPLAY 


Figure 4. Partial System Schematic 
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Dot Matrix Display Controller 


DESCRIPTION 

The Rockwell 10938 and 10939 Dot Matrix Display Controller 
is a two-chip MOS/LSI general purpose display controller system 
designed to interface to dot matrix displays (vacuum-fluorescent 
or LED). 

The two-chip set will drive displays with up to 35 anodes (dots) 
and up to 20 grids (characters) plus a cursor. The chips can be 
cascaded to drive larger displays of as many as 80 characters. 
An internal PLA-type decoder provides character decoding and 
dot pattern generation for the full 96-character ASCII set and 
an additional 32 special characters. 

ORDERING INFORMATION 


FEATURES 

• 20-character display driver cascadable to 80 

• Standard 5x7 character font. 

• Separate cursor driver output 

• Direct drive capability for vacuum-fluorescent displays 

• 128 X 35 PLA provides segment decoding for full 
96-character ASCII set, plus 32 special characters 

• Serial or parallel data input for 8-bit display and control 
characters 

• Brightness, refresh rate, and display mode controls 

• 40-pin DIP 


Part 

Number 

Package 

Type 

Temperature 
Range (®C) 

10938P 

Plastic 

0 to +70 

10938PE 

Plastic 

- 40 to + 85 

10939P 

Plastic 

0 to +70 

10939PE 

Plastic 

- 40 to + 85 


10938 



Block Diagram of 10938 and 10939 


Data Sheet 


Document No. 29000D96 
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INTERFACE DESCRIPTION 


10938 Pin Functions 


Signal Name 

Pin No. 

Function 

Vss 

2 

Power and signal reference 

SG01-SG35 

3-25, 27-38 

Anode driver outputs 

SCLK-DIS 

39 

Serial data shift clock 

DATA-LOAD 

40 

Serial data output/latch control 

Vdd 

1 

DC Power 

Vqg 

26 

Display voltage 


Vqd 

C 

1 

40 

□ 

DATA-LOAD 

Vss 

c 

2 

39 

□ 

SCLK-DIS 

SG35 

c 

3 

38 

□ 

SG01 

SG34 

c 

4 

37 

□ 

SG02 

SG33 

c 

5 

36 

□ 

SG03 

SG32 

c 

6 

35 

□ 

SG04 

SG31 

c 

7 

34 

□ 

SG05 

SG30 

c 

8 

33 

□ 

SG06 

SG29 

c 

9 

32 

□ 

SG07 

SG28 

c 

10 

31 

□ 

SG08 

SG27 

c 

11 

30 

□ 

SG09 

SG26 

c: 

12 

29 

□ 

SG10 

SG25 

c 

13 

28 

□ 

SG11 

SG24 

c 

14 

27 

3 

SG12 

SG23 

c 

15 

26 

□ 

Vqg 

SG22 

c 

16 

25 

□ 

SGI 3 

SG21 

c 

17 

24 

□ 

SG14 

SG20 

c 

18 

23 

□ 

SG15 

SG19 

c 

19 

22 

□ 

SGI 6 

SGI 8 

i: 

20 

21 

□ 

SGI 7 


10938 Pin Configuration 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 


Voltages are referenced to Vss 


Parameter 

Symbol 

Value 

Unit 

Operating Temperature 
Commercial 

Tc 

Oto +70 

°C 

Industrial 

Ti 

-40 to +85 

°c 

Storage Temperature 


-55 to +125 

°c 

Operating Voltage 

Vdd 

00 

1 

0 

CVJ 

CM 

1 

Vdc 

Operating Display Voltage 

Vqg 

-50 

Vdc 


10939 Pin Functions 


Signal Name 

Pin No. 

Function 

Vss 

36 

Power and signal reference 

Vdd 

37 

DC Power 

CLOCK 

38 

Synchronization Clock 

CURSOR 

14 

Cursor drive output 

MASTER 

39 

Master/Slave Mode control 

SIP 

3 

Sync Input 

SOP 

2 

Sync Output 

D0-D7 

6-13 

Serial or parallel data input 

LD 

5 

Input data strobe 

POR 

4 

Power-on reset 

SCLK-DIS 

1 

Serial data shift clock 

DATA-LOAD 

40 

Serial data output/latch control 

STR00-STR19 

15-34 

Grid Driver Outputs 

Vqg 

35 

Display voltage 


SCLK-DIS 

C 

1 

40 

□ 

j 

DATA-LOAD 

SOP 

C 

2 

39 

□ 

MASTER 

SIP 

c 

3 

38 

□ 

CLOCK 

POR 

z 

4 

37 

□ 

Vdd 

LD 

z 

5 

36 

3 

Vss 

DO 

z 

6 

35 

3 

Vqg 

D1 

z 

7 

34 

3 

STROO 

D2 

c 

8 

33 

□ 

STR01 

D3 

c 

9 

32 

□ 

STR02 

D4 

c 

10 

31 

□ 

STR03 

D5 

z 

11 

30 

3 

STR04 

D6 

z 

12 

29 

□ 

STR05 

D7 

c 

13 

28 

□ 

STR06 

CURSOR 

z 

14 

27 

3 

STR07 

STR19 

z 

15 

26 

3 

STR08 

STR18 

z 

16 

25 

3 

STR09 

STR17 

z 

17 

24 

3 

STR10 

STR16 

z 

18 

23 

3 

STR11 

STR15 

z 

19 

22 

3 

STR12 

STR14 

c 

20 

21 

3 

STR13 


10939 Pin Configuration 


*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 
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DC CHARACTERISTICS 


All voltages referenced to Vss 


Parameter 

Notes 

Symbol 

Min 

Typ 

Max 

Unit 

Input D0-D7, LD, SIP 

2 






Logic “1” 


V,H 

-1.2 


+ 0.3 

V 

Logic “0” 


V,L 

Vdd 


-4.2 

V 

Input POR 

2 






Logic “1” 


V|HPO 

-3.0 


+ 0.3 

V 

Logic “0” 


V|LPO 

Vdd 


-10.0 

V 

Output SOP 

2 






Logic “1” 


Vqhsy 

-1.2 


Vss 

V 

Logic “0” 


Vqlsy 

Vdd 


-4.2 

V 

Output Grids, Cursor, and Anodes 

1 






Logic “1” {l|oad = 10 mA 10939, 2 mA 10938) 


VOH 

-1.5 


Vss 

V 

Logic "0” (l|oad = 0 mA) 


VoL 

< 

o 

o 


0.95 X Vqg 

V 

Notes: 1. Designates characteristics for both 10938 and 10939. 





2. Designates characteristics for 10939. 







OPERATING CURRENTS 


Parameter 

Maximum 

Typical 

Unit 

Industriai 

TA = -40‘*C 

Vdd = -22 Vdc 

Vgg = -50 Vdc 

Commercial 

TA = 0®C 

Vdd = -22 Vdc 

Vgg = -50 Vdc 

TA = 25*0 

Vdd = -20 Vdc 

Vgg = -50 Vdc 


10938^ 





•dd 

4.5 

3.6 

3.2 

mA 

Iqg 

11.2 

9.0 

8.0 

mA 

10939 (master)^ 





•dd 

13.6 

10.9 

6.0 

mA 

Iqg 

1.0 

0.8 

0.5 

mA 

10939 (slave)2 





Idd 

9.1 

7.3 

4.0 

mA 

■gg 

1.0 

0.8 

0.5 

mA 


Notes: 


1. The 10938 has 35 internal drivers which are brought out. Iqq >s proportional to the number of drivers on. The values given are for 
all 35 drivers on. Divide Iqq shown by 35 to determine (qq for one driver. 

2. The 10939 will never have more than two drivers on at any one time; one grid driver and the cursor. The values shown are for two 
drivers on with 100% duty cycle. 
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AC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

GENERAL INTERFACE TIMING 






Data Load (LD) 






On Time 

"^Idon 

1.0 



/iS 

Off time 

T|doff 





Commercial 


40.0 



/iS 

Industrial 


44.5 




Cycle Time 

T|dcyc 





Commerical 


60.0 



flS 

Industrial 


66.7 



fiS 

SERIAL INTERFACE TIMING 






Serial Clock (D1) 






On Time 

"^scon 

1.0 


20.0 

MS 

Off Time 

"^scoff 

1.0 



fiS 

Cycle Time 

Tsccyc 

2.0 



MS 

Serial Clock (DO) 






Set-up Time 

"^ssetup 

400 



ns 

Hold Time 

^shold 

400 



ns 

Serial Clock to LD Time 

Ts. 

1.0 



MS 

LD to Serial Clock 

T,s 

1.0 



MS 

PARALLEL INTERFACE TIMING 



||||||■■ 



Parallel Data (D0-D7) 






Set-up Time 

"^psetup 

0 



ns 

Hold Time 

Uphold 

200 



ns 


TIMING WAVEFORMS 



Serial Interface Timing Waveforms 
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FUNCTIONAL DESCRIPTION 

Once the display buffer has been loaded from the host proc- 
essor, the 10938/10939 system generates all timing signals 
required to control the display. 

Input data is loaded into the Display Data Buffer as a series of 
8-bit words via the Serial or Parallel Data Input channel on the 
10939. Internal timing and control logic synchronize the digit out- 
put signals with the Serial Data and Load signals to the 10938 
to provide the proper timing for the multiplexing operation. A 
128 X 35 bit PLA is provided for decoding the full 96 character 
ASCII set, plus 32 special characters. 

The parallel data input mode is implemented by toggling any 
of data lines D2-D7 after POR has gone low. Once the parallel 
data load mode has been implemented, a power-on reset pro- 
cedure must be performed to return to serial data load mode. 
Parallel data transfer is accomplished by putting the command 
or display data on the data lines, then pulsing the LD line. The 
load cycle time must be at least 60 fis with the LD line set high 
for at least one ns and held low for at least 40 ^s. 

The serial data input mode is implemented during the power- 
on reset procedure. In those systems using serial mode, ports 
D2-D7 should be tied low to prevent the inadvertent implemen- 
tation of the parallel load mode. Serial data bytes are shifted 
into a data buffer MSB first on line DO using line D1 as the serial 
clock. The last eight bits clocked in are latched into the display 
controller by a pulse on the LD line. The cycle time for each data 
bit is 2 iis and the load time for each byte is 60 ns. 

Input data may be Control or Display data. The following 
paragraphs describe the format and functions of these control 
and display data words. 

CONTROL DATA WORDS 

Control data words are used to select the operating parameters 
of the display controller. They must be preceded by a Control 
Prefix word (0000 0001, hexadecimal 01) to be distinguished 
from Display Data words. 

Buffer Pointer Control 

The Buffer Pointer Control code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 


Table 1. Control Word Assignments 


Hex Value 

Function 

00 

Not used 

01 

Load 01 into Data Buffer 

02 

Not used 

03 

Not used 

04 

Not used 

05 

Set digit time to 16 cycles per grid 

06 

Set digit time to 32 cycles per grid 

07 

Set digit time to 64 cycles per grid 

08 

Enable Normal Display Mode (MSB in data words 
is used for cursor control only) 

09 

Enable Blank Mode (data words with MSB = 1 will 
be blanked and cursor will be on) 

OA 

Enable Inverse Mode (data words with MSB = 1 
will be “inversed” and cursor will be on) 

OB 

Not used 

OC 

Not used 

OD 

Not used 

OE 

Start Display Refresh Cycle (use only once after 
reset) 

OF 

Not used 

10-3F 

Not used 

40-7F 

Load Duty Cycle Register with lower 6 bits (0-63) 

80-9F 

Load Digit Counter (80 = 32, 81 =1, 82 = 2, etc.) 

AO-BF 

Not used 

C0-D3 

Load Buffer Pointer Register with lower 5 bits 

EO-FF 

Not used 


Table 2. Buffer Pointer Control Codes 


Code 

Value 

Pointer 

Value 

Character 

Position 

CO 

00 

0 

Cl 

01 

1 

C2 

02 

2 

C3 

03 

3 

C4 

04 

4 

C5 

05 

5 

C6 

06 

6 

C7 

07 

7 

C8 

08 

8 

C9 

09 

9 

CA 

OA 

10 

CB 

OB 

11 

CC 

OC 

12 

CD 

OD 

13 

CE 

OE 

14 

CF 

OF 

15 

DO 

10 

16 

D1 

11 

17 

D2 

12 

18 

D3 

13 

19 

Note: 

DO NOT USE CHARACTER POSITIONS 20-31 
(CODES D4-DF) 
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Digit Counter Control 

The Digit Counter Control code defines the number of character 
positions (grids) to be controlled. This code is normally used only 
during initialization routines, but it may also be used in conjunc- 
tion with the Duty Cycle Control code to extend the range of 
brightness control (see Table 3). 

Duty Cycle Control 

The Duty Cycle Control code turns the display on and off, adjusts 
display brightness, and modifies display timing. The time slot 
for each character is 16, 32, or 64 cycles as selected by the Digit 
Time Control codes (see Table 1). The anode and grid drivers 
for each character are on for a maximum of 13, 29, or 61 cycles 
with a 3 cycle inter-digit off-time. The lower 6 bits of the Duty 
Cycle Control code are loaded into the Duty Cycle Register. 
Resultant duty cycles are shown in Table 4. 


Table 3. Digit Counter Control Codes 


Code 

Digit 

Counter Value 

No. of Grids 
Controlled 

80 

00 

32 

81 

01 

1 

82 

02 

2 

83 

03 

3 

84 

04 

4 

85 

05 

5 

86 

06 

6 

87 

07 

7 

88 

08 

8 

89 

09 

9 

8A 

OA 

10 

8B 

OB 

11 

8C 

OC 

12 

8D 

OD 

13 

8E 

OE 

14 

8F 

OF 

15 

90 

10 

16 

91 

11 

17 

92 

12 

18 

93 

13 

19 

94 

14 

20 

95 

15 

21 

96 

16 

22 

97 

17 

23 

98 

18 

24 

99 

19 

25 

9A 

1A 

26 

9B 

IB 

27 

9C 

1C 

28 

9D 

ID 

29 

9E 

1E 

30 

9F 

IF 

31 


Digit Time Select 

The Digit Time Select code sets the total time for each character 
during the refresh cycle. Three values can be set using the three 
codes shown in Table 1. The default value set at power-on is 
64 cycles per grid. For displays with 40 or more characters, or 
under conditions where the display can be subjected to quick 
movements during viewing (e.g. portable or vehicle-mounted 
applications). It may be necessary to increase the refresh rate 
by selecting 16 or 32 cycles per grid with the appropriate con- 
trol code. 


Table 4. Duty Cycle Control Codes 


Code 

Digit Time ==16 

Digit Time = 32 

Digit Time = 64 

On 

Off 

On 

Off 

On 

Off 

40 

_ 

16 

_ 

32 

— 

64 

41 

— 

16 

— 

32 

— 

64 

42 

— 

16 

— 

32 

— 

64 

43 

1 

15 

1 

31 

1 

63 

44 

2 

14 

2 

30 

2 

62 

45 

3 

13 

3 

29 

3 

61 

46 

4 

12 

4 

28 

4 

60 

47 

5 

11 

5 

27 

5 

59 

48 

6 

10 

6 

26 

6 

58 

49 

7 

9 

7 

25 

7 

57 

4A 

8 

8 

8 

24 

8 

56 

4B 

9 

7 

9 

23 

9 

55 

4C 

10 

6 

10 

22 

10 

54 

4D 

11 

5 

11 

21 

11 

53 

4E 

12 

4 

12 

20 

12 

52 

4F 

13 

3 

13 

19 

13 

51 

50 

13 

3 

14 

18 

14 

50 

51 

13 

3 

15 

17 

15 

49 

52 

13 

3 

16 

16 

16 

48 

53 

13 

3 

17 

15 

17 

47 

5B 

13 

' 

3 

25 

7 

25 

39 

5C 

13 

3 

26 

6 

26 

38 

5D 

13 

3 

27 

5 

27 

37 

5E 

13 

3 

28 

4 

28 

36 

5F 

13 

3 

29 

3 

29 

35 

60 

13 

3 

29 

3 

30 

34 

61 

13 

3 

29 

3 

31 

33 

62 

] 

13 

3 

29 

3 

32 

• 

32 

7C 

13 

3 

29 

3 

58 

6 

7D 

13 

3 

29 

3 

59 

5 

7E 

13 

3 

29 

3 

60 

4 

7F 

13 

3 

29 

3 

61 

3 


Display Mode Select 

Each ASCII character is represented by the lower seven bits of 
the 8-bit value loaded into the 10939. The eighth (most signifi- 
cant) bit controls the cursor (see Cursor Control). This bit is 
known as the data byte control bit. If either Blank or Inverse mode 
Is selected, a “0” in this bit causes a normal character display, 
while “1” selects either Blank or Inverse mode, depending on 
which mode Is enabled. Three control codes are provided (see 
Table 1) to enable Blank Mode, Inverse Mode, or Normal Dis- 
play Mode. 


In the Blank mode, any character with the MSB = “1” will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as “Inverse Video” format. These controls allow individual 
characters or groups of characters to be blinked or blanked by 
simply changing the mode without changing the data in the 
Display Buffer. 
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Cursor Control 

The data byte control bit (MSB 8), besides selecting Blank, 
Inverse, or Normal mode, also controls the cursor output which 
is enabled on all characters with the MSB equal to one. 
Therefore, when the Normal mode is enabled and the MSB of 
the data byte is set to a one, the normal character is displayed 
with the cursor on. When the Blank mode is enabled and the 
MSB is set to a one, the character is blanked but the cursor is 
on. If Inverse mode is enabled and the MSB is set to a one, the 
inverse character is displayed and the cursor is on but not 
in versed. 

Start Refresh 

At power on, the 10939 is held in an internal halt mode. The 
normal display refresh sequence starts upon receipt of a Start 
Refresh control code. This is particularly useful for synchroniz- 
ing systems using more than one 10939. Only the Master 10939 
In a multi-chip system will recognize the Start Refresh code. The 
Master starts the Slave(s) at the appropriate time, using the SOP 
signal. 

INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit codes. The eighth (most 
significant) bit specifies normal (0) or blank/inverse (1) display 
mode, depending on the blank/inverse mode selection (see Con- 
trol data words 09 and OA in Table 1). This bit also controls the 
cursor. 

Twenty display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer automatically incre- 
ments after each data word is stored in the buffer. To select a 
character position to be loaded out of sequence, use the Buffer 
Pointer control code. The Buffer Pointer will automatically reset 
to character position 0 when its value is equal to the programmed 
Digit Count. 

POWER-ON RESET 

The Power-On Reset (POR) initializes the internal circuits of the 
10939. This is normally accomplished when power (Vdd) is 
applied. The following conditions are established by application 
of POR: 

a. The Grid Drivers (STR00-STR19) on the 10939 are in the 
off state. 


b. The Anode Drivers (SG01 -SG35) on the 1 0938 are in the off 
state. 

c. The Duty Cycle is set to 0. 

d. The Digit Counter is set to 32. 

e. The Buffer Pointer is set to 0. 

f. The Digit time is set to 64. 

g. The Normal display mode is set. 

h. DATA-LOAD is set to high impedance state. 

I. SCLK-DIS Is set to Vql to disable the anode drivers in the 
10938. 

]. SOP is set to Vql to disable the sync pulse, 

NOTE: 

1 . When the POR signal is removed, SCLK-DIS is set to the high 
impedance state. 

2. During the initial rise time of Vdd 3t power turn-on, the 
magnitude of Vqg should not exceed the magnitude of Vdd- 

GRID (DIGIT) DRIVERS (STR00-STR19) PLUS CURSOR 

The 20 Digit Drivers select each of the display character posi- 
tions sequentially during a refresh scan. Display dots will be illu- 
minated when both the Digit Drivers and Dot Drivers for a 
particular character are energized simultaneously. The cursor 
segment is generated by the 10939, but its timing characteristics 
are identical to the anode timing generated by the 10938. 

ANODE (DOT) DRIVERS (SG01-SG35) 

35 Dot Drivers are provided in the 10938. The output states for 
each character pattern are Internally decoded from the 8-bit 
characters received from the 10939 by means of a 128 x 35-bit 
PLA. Data codes and the corresponding patterns are shown in 
Figure 1. Figure 2 shows the Dot Driver (SG01-SG35) assign- 
ments as they relate to the 5 x 7 dot matrix patterns. 


TYPICAL SYSTEM HOOKUPS 

Figure 3 shows a 10938 and 10939 in a parallel interface with 
the host system driving a 20 character display. Figure 4 shows 
a 10938 and a 10939 in a serial interface with the host system 
driving a 20 character display. Figure 5 shows a 1 0938 and two 
10939’s In a parallel Interface with the host system driving a 
40 character display. 
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Figure 1 . 5x7 Dot Matrix PLA Patterns 



Figure 2. Anode (Dot) Driver Assignments 
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20-CHARACTER VACUUM TUBE 
FLUORESCENT DISPLAY 
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Figure 3. Typical Display System with Parallel Interface to Host System 
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Figure 4. Typical Display System with Serial Interface to Host System 
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Figure 5, Typical Display System with Parallel Interface to Host and Two 10939 Devices 
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DESCRIPTION 

The Rockwell 10939, 10942, and 10943 Dot Matrix Display Con- 
troller is a three-chip MOS/LSI general purpose display controller 
system designed to interface to dot matrix displays (vacuum- 
fluorescent or LED). 

The three-chip set will drive displays with up to 46 anodes (dots) 
and up to 20 grids (characters) plus a cursor. The chips can be 
cascaded to drive larger displays of up to 80 characters. An 
internal PLA-type decoder provides character decoding and dot 
pattern generation for the full 96-character ASCII set and an 
additional 32 special characters. 


FEATURES 

• 20-character display driver cascadable to 80 characters 

• Standard 5x12 character font 

• Separate cursor driver output 

• Two 128 X 23 PLAs provide decoding for full 96-character 
ASCII set plus 32 special characters 

• Serial or parallel data input for 8-bit display and control 
characters 

• Brightness, refresh rate, and display mode controls 

• 10939 provided in 40-pin DIP 

• 10942 and 10943 provided in 28-pin DIP 


ORDERING INFORMATION 



Block Diagram of 10939, 10942, 10943 


Data Sheet 


Document No. 29000D99 
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INTERFACE DESCRIPTION 


10942 and 10943 Pin Functions 


Signal Name 

Pin No. 

Function 

Vdd 

1 

DC Power 

Vss 

2 

Power and signal reference 

SG01-SG23 

3-17, 19-26 

Anode (Dot) driver outputs 

Vqg 

18 

Display voltage 

SCLK-DIS 

27 

Serial data shift clock 

DATA-LOAD 

28 

Serial data output/latch control 



10942 and 10943 
Pin Configurations 


SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS* 

Voltages are referenced to Vss. where Vss = + 5 Vdc 


Parameter 

Symbol 

Value 

Unit 

Operating Temperature 

Ta 



Commercial 


0 to +70 

°C 

Industrial 


- 40 to + 85 

°C 

Storage Temperature 

Ts 

-55 to +125 

®c 

Operating Voltage 

Vqd 

-22 to -18 
- 20 typical 

Vdc 

Operating Display Voltage 

Vgg 

-50 

Vdc 


10939 Pin Functions 


Signal Name 

Pin No. 

Function 

Vss 

36 

Power and signal reference 

Vdd 

37 

DC Power 

CLOCK 

38 

Synchronization Clock 

CURSOR 

14 

Cursor driver output 

MASTER 

39 

Master/Slave Mode control 

SIP 

3 

Sync Input 

SOP 

2 

Sync Output 

D0-D7 

6-13 

Serial or parallel data input 

LD 

5 

Input data strobe 

POR 

4 

Power-on reset 

SCLK-DIS 

1 

Serial data shift clock 

DATA-LOAD 

40 

Serial data output/latch control 

STR00-STR19 

15-34 

Digit (grid) driver outputs 

Vqg 

35 

Display voltage 


SCLK-DIS 

uz 

1 

40 

ZD 

DATA-LOAD 

SOP 

nz 

2 

39 

d 

MASTER 

SIP 

nz 

3 

38 

d] 

CLOCK 

POR 

[H 

4 

37 

d) 

Vdd 

LD 

[= 

5 

36 

d 

Vss 

DO 

[= 

6 

35 

d 

Vqg 

D1 

d 

7 

34 

d 

STROO 

D2 

ci: 

8 

33 

d 

STR01 

D3 

d 

9 

32 

d 

STR02 

D4 

d 

10 

31 

d 

STR03 

D5 

d 

11 

30 

d 

STR04 

D6 

d 

12 

29 

d 

STR05 

D7 

d 

13 

28 

d 

STR06 

CURSOR 

d 

14 

27 

d 

STR07 

STR19 

d 

15 

26 

d 

STR08 

STR18 

d 

16 

25 

d 

STR09 

STR17 

d 

17 

24 

d 

STR10 

STR16 

d 

18 

23 

d 

STR11 

STR15 

d 

19 

22 

d 

STR12 

STR14 

d 

20 

21 

d 

STR13 


10939 Pin Configurations 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
other sections of this document is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 
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DC CHARACTERISTICS 

(Vdd = -18.0 to -22 Vdc, Vss = 0 Vdc, unless otherwise noted. All voltages referenced to Vss-) 


Parameter 

Symbol 

Min. 

Typical 

Max. 

Unit 

10942 and 10943 

Output Anodes (Dots) 

Logic "1” (Iload = 2 mA) 

VOH 

-1.5 


Vss 

V 

Logic “0” (Iload = 0 ^A) 

VoL 

Vgg 


0.95 X Vgg 

V 

10939 

Input D0-D7, LD. SIP 

Logic "1" 

V,H 

-1.2 


+ 0.3 

V 

Logic “0” 

V,L 

Vdd 


-4.2 

V 

Input POR 

Logic “1” 

VlHPO 

-3.0 


+ 0.3 

V 

Logic “0” 

V|LPO 

Q 

O 

> 


-10.0 

V 

Output SOP 

Logic “1” 

VoHSY 

-1.2 


Vss 

V 

Logic “0” 

VoLSY 

Vdd 


-4.2 

V 

Output Digits, Cursor 

Logic “1” (Iload = 10 mA) 

VoH 

-1.5 


Vss 

V 

Logic “0” (Iload = 0 mA) 

VoL 

< 

o 

CD 


0.95 X Vgg 

V 

Note: TA = 0°C to +70°C (commercial) or -40“C to +85°C (industrial), unless otherwise noted. 




OPERATING CURRENTS 


Parameter 

Maximum 

Typical 

Unit 

Industrial 

TA = -40"C 

Vdd = -22 Vdc 

Vgg = -50 Vdc 

Commercial 

TA = O^C 

Vdd = -22 Vdc 

Vgg = -50 Vdc 

TA = 25«C 

Vdd = -20 Vdc 

Vgg = -50 Vdc 

10942 or 10943 





•dd 

4.5 

3.6 

3.2 

mA 

Igg’ 

7.4 

5.9 

5.3 

mA 

10939 (master) 





•dd 

13.6 

10.9 

6.0 

mA 

Igg^ 

1.0 

0.8 

0.5 

mA 

10939 (slave) 





Idd 

9.1 

7.3 

4.0 

mA 

■gg^ 

1.0 

0.8 

0.5 

mA 


Notes: 


1. The 10942 and 10943 each have 23 driver outputs. Iqg is proportional to the number of drivers on. The values given are for all 23 drivers 
on. Divide Iqg shown by 23 to determine Iqg for one driver. Multiply Iqq by 2 to find total current requirements for all drivers on for both 
devices. 

2. The 10939 will never have more than two drivers on at any one time; one grid driver and the cursor. The values shown are for two drivers 
on with 100% duty cycle. 
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AC CHARACTERISTICS 


Parameter 

Symbol 

Min. 

Typical 

Max. 

Unit 

Data Load (LD) 






On Time 

"^Idon 

1.0 



fiS 

Off Time 

Tidoff 





Commercial 


40.0 



fiS 

Industrial 


44.5 



liS 

Cycle Time 

T|dcyc 





Commercial 


60.0 



IIS 

Industrial 


66.7 



/iS 

SERIAL INTERFACE TIMING 






Serial Clock (D1) 






On Time 

"^scon 

1.0 


20.0 

tcs 

Off Time 

"^scoff 

1.0 



IXS 

Cycle Time 

Tsccyc 

2.0 



/IS 

Serial Data (DO) 






Set-up time 

"^ssetup 

400 



ns 

Hold Time 

'^'shold 

400 



ns 

Serial Clock to LD Time 

Tsi 

1.0 



/iS 

LD to Serial Clock 

T,s 

1.0 



/IS 

PARALLEL INTERFACE TIMING 






Parallel Data (D0-D7) 






Set-up Time 

"^psetup 

0 



ns 

Hold Time 

"Uphold 

200 



ns 


TIMING WAVEFORMS 



Serial Interface Timing Waveforms 



5 - 2 ^ 
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FUNCTIONAL DESCRIPTION 

Once the display buffer has been loaded from the host 
processor, the 10939, 10942, and 10943 system generates all 
timing signals required to control the display. 

Input data is loaded into the Display Data Buffer as a series of 
8-bit words via the Serial or Parallel Data Input channel on the 
10939. Internal timing and control logic synchronize the digit out- 
put signals with the Serial Data and Load signals to the 
10942/10943 to provide the proper timing for the multiplexing 
operation. Two 128 x 23 bit PLAs, one in the 10942 and the 
other in the 10943, decode the full 96-character ASCII set plus 
32 special characters. 

The parallel data input mode is implemented by toggling any 
of data lines D2-D7 after POR has gone low. Once the parallel 
data load mode has been implemented, a power-on reset pro- 
cedure must be performed to return to serial data load mode. 
Parallel data transfer is accomplished by putting the command 
or display data on the data lines, then pulsing the LD line. The 
load cycle time must be at least 60 fis with the LD line set high 
for at least one ^s and held low for at least 40 fxs. 

The serial data input mode is implemented during the power- 
on reset procedure. In those systems using serial mode, ports 
D2-D7 should be tied low to prevent the inadvertent implementa- 
tion of the parallel load mode. Serial data bytes are shifted into 
a data buffer MSB first on line DO using line D1 as the serial 
clock. The last eight bits clocked in are latched into the display 
controller by a pulse on the LD line. The cycle time for each data 
bit is 2 fis and the load time for each byte is 60 iis. 

Input data may be Control or Display data. The following 
paragraphs describe the format and functions of these control 
and display data words. 

CONTROL DATA WORDS 

Control data words are used to select the operating parameters 
of the display controller. They must be preceded by a control 
prefix word (0000 0001 , hexadecimal 01) to be distinguished from 
display data words. 

Buffer Pointer Control 

The Buffer Pointer Control code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 

Digit Counter Control 

The Digit Counter Control code defines the number of character 
positions (grids) to be controlled. This code is normally used only 
during initialization routines, but it may also be used in conjunc- 
tion with the Duty Cycle Control code to extend the range of 
brightness control (see Table 3). 

Duty Cycle Control 

The Duty Cycle Control code is used to turn the display on and 
off, to adjust display brightness, or to modify display timing. The 


time slot for each character is 16, 32, or 64 cycles as selected 
by the Digit Time Control codes (see Table 1). The segment and 
digit drivers for each character are on for a maximum of 1 3, 29, 
or 61 cycles with a 3 cycle inter-digit off-time. The lower 6 bits 
of the Duty Cycle Control code are loaded into the Duty Cycle 
Register. Resultant duty cycles are shown in Table 4. 


Table 1. Control Word Assignments 


Hex Value 

Function 

00 

Not Used 

01 

Load 01 into Data Buffer 

02 

Not used 

03 

Not used 

04 

Not used 

05 

Set Digit Time to 16 cycles per grid 

06 

Set Digit Time to 32 cycles per grid 

07 

Set Digit Time to 64 cycles per grid 

08 

Enable Normal Display Mode (MSB in data words 
is ignored 

09 

Enable Blank Mode (data words with MSB = 1 will 
be blanked) 

OA 

Enable Inverse Mode (data words with MSB = 1 will 
be “inversed”) 

OB 

Not used 

OC 

Not used 

OD 

Not used 

OE 

Start Display Refresh Cycle (use only once after 
reset) 

OF 

Not used 

10-3F 

Not used 

40-7F 

Load Duty Cycle Register 

80-9F 

Load Digit Counter (80 = 32, 81 = 1 , 82 = 2, etc.) 

AO-BF 

Not used 

CO-DF 

Load Buffer Pointer Register with lower 5 bits 

EO-FF 

Not used 


Table 2. Buffer Pointer Control Codes 


Code 

Value 

Pointer 

Value 

Character 

Position 

CO 

00 

0 

Cl 

01 

1 

C2 

02 

2 

C3 

03 

3 

C4 

04 

4 

C5 

05 

5 

C6 

06 

6 

C7 

07 

7 

C8 

08 

8 

C9 

09 

9 

CA 

OA 

10 

CB 

OB 

11 

CC 

OC 

12 

CD 

OD 

13 

CE 

OE 

14 

CF 

OF 

15 

DO 

10 

16 

D1 

11 

17 

D2 

12 

18 

D3 

13 

19 

Note: Do not use character positions 20-31 (Codes D4-DF). | 
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Table 3. Digit Counter Control Codes 


Code 

Digit 

Counter Value 

No. of Grids 
Controlled 

80 

00 

32 

81 

01 

1 

82 

02 

2 

83 

03 

3 

84 

04 

4 

85 

05 

5 

86 

06 

6 

87 

07 

7 

88 

08 

8 

89 

09 

9 

8A 

OA 

10 

8B 

OB 

11 

8C 

OC 

12 

8D 

OD 

13 

8E 

OE 

14 

8F 

OF 

15 

90 

10 

16 

91 

11 

17 

92 

12 

18 

93 

13 

19 

94 

14 

20 

95 

15 

21 

96 

16 

22 

97 

17 

23 

98 

18 

24 

99 

19 

25 

9A 

1A 

26 

9B 

IB 

27 

9C 

1C 

28 

9D 

1D 

29 

9E 

IE 

30 

9F 

1F 

31 


Digit Time Select 

The Digit Time Seiect code sets the total time for each charac- 
ter during the refresh cycle. Three values can be set using the 
three codes shown in Tabie 1. The defauit vaiue set at power- 
on is 64 cycles per grid. For displays with 40 or more charac- 
ters, or under conditions where the display can be subjected to 
quick movements during viewing (e.g. portable or vehicle- 
mounted applications), it may be necessary to increase the 
refresh rate by selecting 16 or 32 cycles per grid with the ap- 
propriate control code. 

Display Mode Select 

Each ASCII character is represented by the lower seven bits of 
the 8-bit value loaded into the 10939. The eighth (most signifi- 
cant) bit is used to turn the cursor (see Cursor Control) on in 
Normal display mode. If either Blank or Inverse mode is select- 
ed, a “0” in this bit causes a normal character display mode, 
while a “1” selects either Blank or Inverse mode, depending 
on which mode is enabled. Three control codes are provided 
(see Table 1) to enable Blank Mode, Inverse Mode, or Normal 
Display Mode. 

In the Blank mode, any character with the MSB = “1” will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as “Inverse Video” format. These controls allow individual 


Table 4. Duty Cycle Control Codes 


Code 

Digit Time = 16 

Digit Time = 32 

Digit Time = 64 

On 

Off 

On 

Off 

On 

Off 

40 

— 

16 

_ 

32 

_ 

64 

41 

_ 

16 

— 

32 

— 

64 

42 

— 

16 

— 

32 

— 

64 

43 

1 

15 

1 

31 

1 

63 

44 

2 

14 

2 

30 

2 

62 

45 

3 

13 

3 

29 

3 

61 

46 

4 

12 

4 

28 

4 

60 

47 

5 

11 

5 

27 

5 

59 

48 

6 

10 

6 

26 

6 

58 

49 

7 

9 

7 

26 

7 

57 

4A 

8 

8 

8 

24 

8 

56 

4B 

9 

7 

9 

23 

9 

55 

4C 

10 

6 

10 

22 

10 

54 

4D 

11 

5 

11 

21 

11 

53 

4E 

12 

4 

12 

20 

12 

52 

4F 

13 

3 

13 

19 

13 

51 

50 

13 

3 

14 

18 

14 

50 

51 

13 

3 

15 

17 

15 

49 

52 

13 

3 

16 

16 

16 

48 

53 

13 

3 

17 

15 

17 

47 

5B 

13 

3 

25 

7 

25 

39 

5C 

13 

3 

26 

6 

26 

38 

5D 

13 

3 

27 

5 

27 

37 

5E 

13 

3 

28 

4 

28 

36 

5F 

13 

3 

29 

3 

29 

35 

60 

13 

3 

29 

3 

30 

34 

61 

13 

3 

29 

3 

31 

33 

62 

13 

3 

29 

3 

32 

32 

• 

7C 

13 

3 

29 

3 

58 

6 

7D 

13 

3 

29 

3 

59 

5 

7E 

13 

3 

29 

3 

60 

4 

7F 

13 

3 

29 

3 

61 

3 


characters or groups of characters to be blinked or blanked by 
simply changing the mode without changing the data in the Dis- 
play Buffer. 

Cursor Control 

The data byte control (MSB 8), besides selecting Blank, Inverse, 
or Normal mode, also controls the cursor output which is ena- 
bled on all characters with the MSB equal to one. Therefore, 
when the Normal mode is enabled and the MSB of the data byte 
is set to a one, the normal character is displayed with the cur- 
sor on. When the Blank mode is enabled and the MSB is set 
to a one, the character is blanked but the cursor is on. If Inverse 
mode is enabled and the MSB is set to a one, the inverse charac- 
ter is displayed, and the cursor is on but not inversed. 

Start Refresh 

At power on, the 10939 is held In an internal halt mode. The 
normal display refresh sequence starts upon receipt of a Start 
Refresh control code. This is particularly useful for synchronizing 
systems using more than one 10939. Only the Master 10939 in 
a multi-chip system will recognize the Start Refresh code. The 
Master starts the Slave(s) at the appropriate time, using the SOP 
signal. 
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INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit codes. The eighth (most 
significant) bit is a dual purpose bit. This bit specifies normal 
(0) or blank/inverse (1) display mode, depending on the 
blank/inverse mode selection (see control data words 09 and 
OA in Table 1). It also controls the cursor output from the 10939; 
on (1) or off (0). Note, that this bit always controls the cursor 
no matter what display mode is selected. 

Twenty display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer automatically incre- 
ments after each data word is stored in the buffer. To select a 
character position to be loaded out of sequence, use the Buffer 
Pointer Control code command. The Buffer Pointer will auto- 
matically reset to character position 0 when its value is equal 
to the programmed Digit Count. 

DIGIT GRID DRIVERS (STR00-STR19) PLUS CURSOR 

The 20 Digit Drivers select each of the display character posi- 
tions sequentially during a refresh scan. Display dots are 
illuminated when both the Digit Drivers and Anode (Dot) Drivers 
for a particular character are energized simultaneously. The 
Cursor output is generated by the 10939, but its timing 
characteristics are identical to the 46 segment outputs generated 
by the 10942 and the 10943. 

ANODE (DOT) DRIVERS (SG01-SG23) 

A total of 46 Dot Drivers are provided by the 10942 and the 
10943. The output states for each ASCII charcter pattern are 
internally decoded from the 8-bit characters received from the 
10939 by means of two 128 x 23-bit PLAs, one in the 10942 
and the other in the 10943. Figure 1 shows the dot matrix drivers 
(SG01-SG23) as they relate to the 10942 and 10943. Data codes 
and the corresponding character patterns are also shown in 
Figure 1. 


POWER-ON RESET 

The Power-On Reset (POR) initializes the internal circuits of the 
10939. This is normally accomplished when power (Vqd) is 
applied. The following conditions are established by the applica- 
tion of POR: 

a. The Grid Drivers (STR00-STR19) on the 10939 are in the off 
state. 

b. The Anode Drivers, SG01-SG23 on the 10942 and 
SG01-SG23 on the 10943, are in the off state. 

c. The Duty Cycle is set to 0. 

d. The Digit Counter is set to 32. 

e. The Buffer Pointer is set to 0. 

f. The Digit time is set to 64. 

g. The Normal display mode is set. 

h. DATA-LOAD is set to high impedance state. 

i. SCLK-DIS is set to Vql to disable the anode drivers in the 
10942 and 10943. 

j. SOP is set to Vql to disable the sync pulse. 

NOTE: 

1 . When th POR signal is removed, SCLK-DIS is set to the high 
impedance state. 

2. During the initial rise time of Vqd at power turn-on, the 
magnitude of Vqg should not exceed the magnitude of Vdq. 

TYPICAL SYSTEM HOOKUPS 

Figure 2 shows a 1 0939, 1 0942, and a 1 0943 in a parallel inter- 
face with the host system driving a 20-character display. Figure 3 
shows a 10939, 10942, and a 10943 in a serial interface with 
the host system driving a 20-character display. Figure 4 shows 
two 10939s, a 10942, and a 10943 in a parallel interface with 
the host system driving a 40-character display. 
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20-CHARACTER 5 x 12 DOT MATRIX VACUUM FLUORESCENT DISPLAY 


- FILAMENT 1 
-FILAMENT 2 


rz 

DATA-LOAD 



sj:lk-dis 





SOP — I 
SIP ^ 

MASTER 15V (Vpo) 

CLOCK — N.C. 


PULLUPS REQUIRED 
ON ALL INPUTS FROM 
TTL SOURCES. 


CURSOR 

STR00-STR19 / 

LD D0-D7 POR 20 


I/O DATA RES 
CONTROL 




HOST SYSTEM 


Figure 2. Typical Display System with Parallel Interface to Host System 


20-CHARACTER 5x12 VACUUM FLUORESCENT DISPLAY 



-15V ^ 1 


Vdd 


+5V 


Vdd 

Vss 


-45V 


Vss 

v 

*gg 



DATA-LOAD 






SCLK-DIS 










-15V (Vdd)- 
Vss * t 


D2-D7 10939 


SOP — I 
SIP 

MASTER 15V (Vdd) 


PULLUPS REQUIRED 
ON ALL INPUTS FROM 
TTL SOURCES. 


^LOCK — N.C. 

CURSOR 

STR00-STR19 

LD D1 DO POR 20 


LATCH SERIAL DATA RES 
CLOCK 

HOST SYSTEM 


- FILAMENT 1 

- FILAMENT 2 


Figure 4. Typical Display System with Serial Interface to Host System 
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Figure 4. Typical Display System with Parallel Interface to Host and Two 10939 Devices 
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10941 and 10939 

Roclwell^ 

Alphanumeric and Bargraph 

Display Controller 


DESCRIPTION 

The Rockwell 10939 and 10941 Alphanumeric and Bargraph 
Display Controller is a two-chip MOS/LSI general purpose display 
controller system designed to interface with bargraph and 
segmented displays (vacuum-fluorescent or LED). 

The two-chip set will drive displays with up to 16 segments (plus 
decimal point and comma tail) and up to 20 grids (characters) 
plus a cursor. The chips can be cascaded to drive larger displays 
of 80 characters. Segment decoding for ASCII characters and 
bargraph patterns is accomplished through an internal PLA. 

ORDERING INFORMATION 


FEATURES 

• 20-character display driver cascadable to 80 characters 

• Direct drive capability for vacuum-fluorescent displays 

• 128 X 18 PLA provides segment decoding for ASCII 
characters (all caps only) and bargraph patterns 

• Serial or parallel data input for 8-bit display and control 
characters 

• Brightness, refresh rate, and display mode controls 

• Separate cursor driver output 

• 10939—40-pin DIP package 

• 10941—24-pin DIP package 


Part 

Number 

Package 

Type 

Temperature 

Range (®C) 

10941P 

Plastic 

0 to +70 

10941 PE 

Plastic 

- 40 to + 85 

10939P 

Plastic 

0 to +70 

10939PE 

Plastic 

-40 to +85 


10941 



Block Diagram of 10941 and 10939 


Data Sheet 


Document No. 29000D97 
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INTERFACE DESCRIPTION 


10941 Pin Functions 


Signal Name 

Pin No. 

Function 

Vss 

2 

Power and signal reference 

SG01-SG16 

6-15, 17-22 

Segment driver outputs 

SCLK-DIS 

23 

Serial data shift clock 

DATA-LOAD 

24 

Serial data output/latch control 

PNT 

4 

Decimal Point driver output 

TAIL 

5 

Comma Tail driver output 

Vdd 

1 

DC Power 

Vqg 

16 

Display voltage 



DATA-LOAD 

SCLK-DIS 

SG01 

SG02 

SG03 

SG04 

SG05 

SG06 

Vgg 

SG07 

SG08 

SG09 


10941 Pin Configuration 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 


Voltages are referenced to Vss 


Parameter 

Symbol 

Value 

Unit 

Operating Temperature 
Commercial 


0 to +70 

°C 

Industrial 

Tc 

- 40 to + 85 

°C 

Storage Temperature 

Ti 

-55 to +125 

°c 

Operating Voltage 

Vdd 

-22 to -18 
- 20 (typical) 

Vdc 

Operating Display Voltage 

Vqg 

-50 

Vdc 


10939 Pin Functions 


Signal Name 

Pin No. 

Function 

Vss 

36 

Power and signal reference 

Vqd 

37 

DC Power 

CLOCK 

38 

Synchronization Clock 

CURSOR 

14 

Cursor driver output 

MASTER 

39 

Master/Slave Mode control 

SIP 

3 

Sync Input 

SOP 

2 

Sync Output 

D0-D7 

6-13 

Serial or parallel data input 

LD 

5 

Input data strobe 

POR 

4 

Power-on reset 

SCLK-DIS 

1 

Serial data shift clock 

DATA-LOAD 

40 

Serial data output/latch control 

STR00-STR19 

15-34 

Grid Driver Outputs 

Vgg 

35 

Display voltage 


SCLK-DIS 

C 

1 

40 

□ 

DATA-LOAD 

SOP 

c 

2 

39 

□ 

MASTER 

SIP 

c 

3 

38 

D 

CLOCK 

POR 

c 

4 

37 

3 

Vdd 

LD 

c 

5 

36 

3 

Vss 

DO 

c 

6 

35 

□ 

Vqg 

D1 

c 

7 

34 

D 

STROO 

D2 

c 

8 

33 

□ 

STR01 

D3 

c 

9 

32 

□ 

STR02 

D4 

c 

10 

31 

□ 

STR03 

D5 

c 

11 

30 

□ 

STR04 

D6 

c 

12 

29 

□ 

STR05 

D7 

c 

13 

28 

□ 

STR06 

CURSOR 

q 

14 

27 

□ 

STR07 

STR19 

q 

15 

26 

□ 

STR08 

STR18 

c 

16 

25 

□ 

STR09 

STR17 

c 

17 

24 

□ 

STR10 

STR16 

c 

18 

23 

□ 

STR11 

STR15 

c 

19 

22 

□ 

STR12 

STR14 

c 

20 

21 

□ 

STR13 


10939 Pin Configuration 


‘NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 
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DC CHARACTERISTICS 

All voltages referenced to Vss 

Parameter 

10941 

Output Segments 
Logic “1” (l|oad = 2 mA) 
Logic “1” (Iload = 0 mA) 

10939 

Input D0-D7, LD, SIP 
Logic “1” 

Logic “0” 

Input POR 
Logic “1” 

Logic “0” 

Output SOP 
Logic “1” 

Logic “0” 

Output Digits, Cursor 
Logic “1” (Iload = 10 mA) 
Logic “0” (Iload = 0 mA) 


0.95 X Vgg 


I 

I 

■ 

■ 


0.95 X Vgg 


OPERATING CURRENTS 


Parameter 

10941 


10939 (master) 
■dd 

Iqg 

10939 (slave) 


Industrial 
TA = -AO^C 
Vdd = -22 Vdc 
Vgg = - 50 Vdc 


Commercial 
TA = O^C 
foD = -22 Vdc 
rgc = -50 Vdc 


TA = 25“C 
Vqd = -20 Vdc 
Vgg = -50 Vdc 


4.5 

3.6 

3.2 

5.7 

4.6 

4.1 

13.6 

10.9 

6.0 

1.0 

0.8 

0.5 

9.1 

7.3 

4.0 

1.0 

0.8 

0.5 


Notes: 

1. The 10941 has 18 internal drivers which are brought out. Igg is proportional to the number of drivers on. The values given are for 
all 18 drivers on. Divide Igg shown by 18 to determine Igg for one driver. 

2. The 10939 will never have more than two drivers on at any one time; one grid driver and the cursor. The values shown are for two 
drivers on with 100% duty cycle. 


I 
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FUNCTIONAL DESCRIPTION 

Once the display buffer has been loaded from the host proc- 
essor, the 10941/10939 system generates all timing signals 
required to control the display. 

Input data is loaded into the Display Data Buffer as a series of 
8-bit words via the Serial or Parallel Data Input channel on the 
10939. Internal timing and control logic synchronize the digit out- 
put signals with the Serial Data and Load signals to the 10941 
to provide the proper timing for the multiplexing operation. A 
128 X 1 8 bit PLA is provided for decoding the character set and 
bargraph codes. 

The parallel data input mode is implemented by toggling any 
of data lines D2-D7 after POR has gone low. Once the parallel 
data load mode has been implemented, a power-on reset pro- 
cedure must be performed to return to serial data load mode. 
Parallel data transfer is accomplished by putting the command 
or dispiay data on the data lines, then pulsing the LD line. The 
load cycle time must be at ieast 60 fis with the LD line set high 
for at ieast one ns and held low for at least 40 fis. 

The serial data input mode is implemented during the power- 
on reset procedure. In those systems using serial mode, ports 
D2-D7 should be tied low to prevent the inadvertent implemen- 
tation of the parallel load mode. Serial data bytes are shifted 
Into a data buffer MSB first on line DO using line D1 as the serial 
clock. The last eight bits clocked in are latched into the display 
controller by a pulse on the LD line. The cycle time for each data 
bit is 2 ns and the load time for each byte is 60 fis. 

Input data may be Control or Display data. The following 
paragraphs describe the format and functions of these control 
and display data words. 


CONTROL DATA WORDS 

Control data words are used to select the operating parameters 
of the display controller. They must be preceded by a Control 
Prefix word (0000 0001, hexadecimal 01) to be distinguished 
from Display Data words. Table 1 shows the Control Word code 
assignments and functions. 


Buffer Pointer Control 

The Buffer Pointer Control code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 


Table 1. Control Word Assignments 


Hex Value 

Function 

00 

Not used 

01 

Load 01 into Data Buffer 

02 

Not used 

03 

Not used 

04 

Not used 

05 

Set digit time to 16 cycles per grid 

06 

Set digit time to 32 cycles per grid 

07 

Set digit time to 64 cycles per grid 

08 

Enable Normal Display Mode (MSB in data words 
is cursor control only) 

09 

Enable Blank Mode (data words with MSB = 1 will 
be blanked and cursor will be on) 

OA 

Enable Inverse Mode (data words with MSB = 1 
will be “inversed” and cursor will be on) 

OB 

Not used 

OC 

Not used 

OD 

Not used 

OE 

Start Display Refresh Cycle (use only once after 
reset) 

OF 

Not used 

10-3F 

Not used 

40-7F 

Load Duty Cycle Register with lower 6 bits (0-63) 

80-9F 

Load Digit Counter (80 = 32, 81 = 1 , 82 = 2, etc.) 

AO-BF 

Not used 

CO-DF 

Load Buffer Pointer Register with lower 5 bits 

EO-FF 

Not used 


Table 2. Buffer Pointer Control Codes 


Code 

Value 

Pointer 

Value 

Character 

Position 

CO 

00 

0 

Cl 

01 

1 

C2 

02 

2 

C3 

03 

3 

C4 

04 

4 

C5 

05 

5 

C6 

06 

6 

C7 

07 

7 

C8 

08 

8 

C9 

09 

9 

CA 

OA 

10 

CB 

OB 

11 

CC 

OC 

12 

CD 

OD 

13 

CE 

OE 

14 

CF 

OF 

15 

DO 

10 

16 

D1 

11 

17 

D2 

12 

18 

D3 

13 

19 


Note: 

DO NOT USE CHARACTER POSITIONS 20-31 (Codes D4-DF). 
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Digit Counter Control 

The Digit Counter Control code defines the number of charac- 
ter positions (grids) to be controlled. This code is normally used 
only during initialization routines, but it may also be used in con- 
junction with the Load Duty Cycle control code to extend the 
range of brightness control (see Table 3). 

Duty Cycle Control 

The Duty Cycle Control code turns the display on and off, adjusts 
display brightness, or modifies display timing. The time slot for 
each character is 1 6, 32, or 64 cycles as selected by the Digit 
Time Control codes (see Table 1). The segment and digit drivers 
for each character are on for a maximum of 13, 29, or 61 cycles 
with a 3 cycle inter-digit off-time. The lower 6 bits of the Duty 
Cycle Control code are loaded into the Duty Cycle Register. 
Resultant duty cycles are shown In Table 4. 

Digit Time Select 

The Digit Time Select code sets the total time for each character 
during the refresh cycle. Three values can be set using the three 
codes shown In Table 1. The default value set at power-on is 
64 cycles per grid. For displays with 40 or more characters, or 
under conditions where the display can be subjected to quick 
movements during viewing (e.g. portable or vehicle-mounted 
applications), it may be necessary to increase the refresh rate by 
selecting 1 6 or 32 cycles per grid with the appropriate control code. 


Table 3. Digit Counter Control Codes 


Code 

Digit 

Counter Vaiue 

No. of Grids 
Controiied 

80 

00 

32 

81 

01 

1 

82 

02 

2 

83 

03 

3 

84 

04 

4 

85 

05 

5 

86 

06 

6 

87 

07 

7 

88 

08 

8 

89 

09 

9 

8A 

OA 

10 

8B 

OB 

11 

8C 

OC 

12 

8D 

OD 

13 

8E 

OE 

14 

8F 

OF 

15 

90 

10 

16 

91 

11 

17 

92 

12 

18 

93 

13 

19 

94 

14 

20 

95 

15 

21 

96 

16 

22 

97 

17 

23 

98 

18 

24 

99 

19 

25 

9A 

1A 

26 

9B 

IB 

27 

9C 

1C 

28 

9D 

ID 

29 

9E 

IE 

30 

9F 

IF 

31 


Display Mode Select 

Each ASCII character is represented by the lower seven bits 
of the 8-bit value loaded into the 10939. The eighth (most 


Table 4. Duty Cycle Control Codes 


Code 

Digit Time = 16 

Digit Time = 32 

Digit Time = 64 

On 

Off 

On 

Off 

On 

Off 

40 

_ 

16 

— 

32 

_ 

64 

41 

— 

16 


32 

— 

64 

42 

— 

16 

— 

32 

— 

64 

43 

1 

15 

1 

31 

1 

63 

44 

2 

14 

2 

30 

2 

62 

45 

3 

13 

3 

29 

3 

61 

46 

4 

12 

4 

28 

4 

60 

47 

5 

11 

5 

27 

5 

59 

48 

6 

10 

6 

26 

6 

58 

49 

7 

9 

7 

25 

7 

57 

4A 

8 

8 

8 

24 

8 

56 

4B 

9 

7 

9 

23 

9 

55 

4C 

10 

6 

10 

22 

10 

54 

4D 

11 

5 

11 

21 

11 

53 

4E 

12 

4 

12 

20 

12 

52 

4F 

13 

3 

13 

19 

13 

51 

50 

13 

3 

14 

18 

14 

50 

51 

13 

3 

15 

17 

15 

49 

52 

13 

3 

16 

16 

16 

48 

53 

13 

3 

17 

15 

17 

47 

5B 

13 

3 

25 

7 

25 

39 

5C 

13 

3 

26 

6 

26 

38 

5D 

13 

3 

27 

5 

27 

37 

5E 

13 

3 

28 

4 

28 

36 

5F 

13 

3 

29 

3 

29 

35 

60 

13 

3 

29 

3 

30 

34 

61 

13 

3 

29 

3 

31 

33 

62 

13 

3 

29 

3 

32 

32 

7C 

13 

3 

29 

3 

58 

6 

7D 

13 

3 

29 

3 

59 

5 

7E 

13 

3 

29 

3 

60 

4 

7F 

13 

3 

29 

3 

61 

3 


significant) bit controls the cursor (see Cursor Control). This bit 
is known as the data byte control bit. If either Blank or Inverse 
mode Is selected, a “0” in this bit causes a normal character 
display, while a “1” selects either Blank or Inverse mode, 
depending on which mode is enabled. Three control codes are 
provided (see Table 1) to enable Blank Mode, Inverse Mode, 
or Normal Display mode. 

In the Blank mode, any character with the MSB = “1” will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as “Inverse Video” format. These controls allow individual 
characters or groups of characters to be blinked or blanked by 
simply changing the mode without changing the data in the 
Display Buffer. 

Cursor Control 

The data byte control bit (MSB 8), besides selecting Blank, 
Inverse, or Normal mode, also controls the cursor output which 
Is enabled on all characters with the MSB equal to one. 
Therefore, when the Normal mode is enabled and the MSB of 
the data byte is set to a one, the normal character is displayed 
with the cursor on. When the Blank mode is enabled and the 
MSB is set to a one, the character is blanked but the cursor is 
on. If Inverse mode is enabled and the MSB is set to a one, the 
inverse character is displayed and the cursor is on but not 
inversed. 
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Start Refresh 

At power on, the 10939 is held in an internal halt mode. The 
normal display refresh sequence starts upon receipt of a Start 
Refresh control code. This is particularly useful for synchroniz- 
ing systems using more than one 10939. Only the Master 10939 
in a multi-chip system will recognize the Start Refresh code. The 
Master starts the Slave(s) at the appropriate time, using the SOP 
signal. 


SEGMENT (ANODE) DRIVERS (SG01-SG16, PNT, TAIL) 

Eighteen Segment (Anode) Drivers are provided in the 10941. 
The output states for each character pattern and each bargraph 
pattern are internally decoded from the 8-bit characters receiv- 
ed from the 1 0939 by means of a 1 28 x 1 8-bit PLA. Data codes 
and the corresponding segment patterns are shown in Figure 1 . 
Data codes and the corresponding bargraph patterns are shown 
in Figure 2. 


INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit codes. The eighth (most 
significant) bit specifies normal (0) or blank/inverse (1) display 
mode, depending on the blank/inverse mode selection (see Con- 
trol data words 09 and OA in Table 1). This bit also controls the 
cursor. 

Twenty display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer automatically incre- 
ments after each data word is stored in the buffer. To select a 
character position to be loaded out of sequence, use the Buffer 
Pointer control code. The Buffer Pointer will automatically reset 
to character position 0 when its value is equal to the programmed 
Digit Count. 

POWER-ON RESET 

The Power-On Reset (POR) initializes the internal circuits of the 
10939. This is normally accomplished when power (Vqd) is 
applied. The following conditions are established by application 
of POR: 

a. The Grid Drivers (STR00-STR19) on the 10939 are in the 
off state. 

b. The Segment Drivers (SG01-SG16) on the 10941 are in the 
off state. 

c. The Duty Cycle is set to 0. 

d. The Digit Counter is set to 32. 

e. The Buffer Pointer is set to 0. 

f. The Digit time is set to 64. 

g. The Normal display mode is set. 

h. DATA-LOAD is set to high impedance state. 

i. SCLK-DIS is set to Vql to disable the anode drivers in the 
10941. 

j. SOP is set to Vql to disable the sync pulse. 

Note: 

1 . When the POR signal is removed, SCLK-DIS is set to the high 
impedance state. 

2. During the initial rise time of Vqd at power turn-on, the 
magnitude of Vqq should not exceed the magnitude of Vdd- 

DIGIT (GRID) DRIVERS (STR00-STR19) PLUS CURSOR 

The 20 Digit (Grid) Drivers select each of the display character 
positions sequentially during a refresh scan. Display segments 
are illuminated when both the Digit Drivers and Segment Drivers 
for a particular character are energized simultaneously. The Cur- 
sor segment is generated by the 10939, but its timing charac- 
teristics are identical to the 1 6 segments generated by the 1 0941 . 
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Figure 1. 16-Segment PLA Character Codes 
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10941 * 10939 

TYPICAL SYSTEM HOOKUPS 


Alphanumeric and Bargraph Display Controller 


Figure 3 shows a 10941 and 10939 in a parallel interface with driving a 20 character display. Figure 5 shows a 10941 and two 

the host system driving a 20 character display. Figure 4 shows 10939’s in a parallel interface with the host system driving a 

a 10941 and a 10939 in a serial interface with the host system 40 character display. 



Figure 3. Typical Display System with Parallel Interface to Host System 



Figure 4. Typical Display System with Serial Interface to Host System 
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10941 • 10939 


Alphanumeric and Bargraph Display Controller 



Figure 5. Typical Display System with Parallel Interface to Host and Two 10939 Devices 
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10951 



10951 


Bargraph and Numeric 

Rockwell 

Display Controller 

DESCRIPTION 

FEATURES 


The Rockwell 10951 Bargraph and Numeric Display Controller 
is an LSI general purpose display controller designed to interface 
to bargraph and numeric displays (vacuum fluorescent or LED). 

The 10951 will drive 16-segment bargraph or seven-segment 
plus comma and decimal numeric displays with up to 16 display 
positions. The controller accepts command and data input words 
on a clocked serial input line. Commands control the on/off duty 
cycle, starting character position and number of characters to 
display. Encoded data words display bargraph position (single 
segment or increasing bar length), numbers, comma, decimal 
and selected upper and lower case letters. No external drive 
circuitry is required for displays that operate on 20 mA of drive 
current up to 50 volts. A 64 x 16-bit segment decoder provides 
character set decoding for the display. 


ORDERING INFORMATION 


Part 

Number 

Package 

Type 

Drive 

Voltage 

Temperature 
Range (**C) 

10951 P-40 

Plastic 

40V 

0 to +70 

10951 P-50 

Plastic 

50V 

0 to +70 

10951 PE-40 

Plastic 

40V 

- 40 to + 85 

10951 PE-50 

Plastic 

50V 

- 40 to + 85 


• 16 segment drivers plus decimal point and comma tail drivers 

• 16 digit drivers 

• Up to 66 kHz data rate 

• Direct digit drive of 20 mA for up to 50 volt displays 

• Supports vacuum fluorescent or LED displays 

• Serial data input for 8-bit display and control data words 

• 64 X 16-bit PLA provides data decoding driving 
—-Any 1 of 16 bargraph segments 

— 1 to 16 bargraph segments 

-- Ten seven-segment numeric characters (0-9) 

— Comma and decimal 

— Eight upper and lower case seven-segment characters 

• Command functions 

— Duty cycle adjust 

— Character position select 

— Number of characters 

• 40-Pin DIP package 


DATA 

SCLK 


POR 

VSS 

VDD 

A 
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SGE 

SGF 

SGG 
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SGI 

SGJ 

SGK 

SGL 

SGM 

SGN 

SGO 

SGP 

PNT 

TAIL 
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10951 Block Diagram 


Data Sheet 


Document No. 29000D94 
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10951 


Bargraph and Numeric Display Controller 


INTERFACE DESCRIPTION 


10951 Pin Functions 


Signal Name 

Pin No. 

Function 

Vss 

1 

Power and signal reference 

AD16-AD1 

2-17 

Digits 16 through 1 driver outputs 

Vdd 

18 

DC power connection 

A 

19 

A clock output used for testing 

FOR 

20 

Power-on reset input 

DATA 


Serial data input 

SCLK 

22 

Serial data clock input 

SGA-SGP 

23-38 

Segments A through P driver outputs 

TAIL 

39 

Comma tail driver output 

PNT 

_J0j 

Decimal point driver output 


SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS*^ 

All voltages are specified relative to Vss- 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vdd 

+ 0.3 to - 20 

y 

Operating Current 

Idd 

7 

mA 

Input Voltage 

V,N 

+ 0.Z to -20 

V 

Output Voltage 

VOUT 

-j-0.3 to -50 

V 

Output Current Digits 

Id 

20 

mA 

Output Current Segments 

•s 

10 

mA 

Operating Temperature 
Commercial 

Tc 

0 to +70 

‘’C 

Industrial 

T, 

-40 to +85 

“C 

Storage Temperature 

Tstg 

-55 to +125 

°C 

Input Capacitance 

C|N 

5 

PF 

Output Capacitance 

Cqut 

10 

PF 


VSS 

IZZ 

1 

40 


PNT 

AD16 

cz 

2 

39 

ZZ 

TAIL 

AD15 

nz 

3 

38 

zz 

SGP 

ADI 4 

nz 

4 

37 

ZZ 

SGO 

ADI 3 

cz 

5 

36 

ZZ} 

SGN 

AD12 

\zz 

6 

35 

zz 

SGM 

AD11 

nz 

7 

34 

zz 

SGL 

AD10 

nz 

8 

33 

ZD 

SGK 

ADS 

nz 

9 

32 

ZZ2 

SGJ 

ADS 

cz 

10 

31 

ZD 

SGI 

AD7 

JZZZ 

11 

30 

ZD 

SGH 

AD6 

nz 

12 

29 

ZD 

SGG 

ADS 

nz 

13 

28 

ZD 

SGF 

AD4 

nz 

14 

27 

ZD 

SGE 

AD3 

cz: 

15 

26 

ZD 

SGD 

AD2 

cz 

16 

25 

ZD 

SGC 

ADI 

cz 

17 

24 

ZD 

SGB 

VDD 

ZI 

18 

23 

ZD 

SGA 

A 

ZI 

19 

22 

ZD 

SCLK 

POR 

cz 

20 

21 


DATA 


10951 Pin Configuration 

*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
other sections of this document is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 


DC CHARACTERISTICS 


Parameter 

1 Limits (Vss = 

0) 

Limits (Vss = +5V) 

Conditions 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply Voltage (Vdd) 

-16.5 

-15.0 

-13.5 

-11.5 

-10.0 

-8.5 


V 

Power Dissipation 


40 

100 


40 

100 


mW 

Input DATA, SCLK, 









Logic “1” 

-1.0 


+ 0.3 

+ 4.0 


+ 5.3 


V 

Logic “0” 

Vdd 


-4.2 

Vdd 


+ 0.8 



Input POR 









Logic “1” 

-3.0 


+ 0.3 

+ 2.0 


+ 5.3 



Logic “0” 

Vdd 


-10.0 

Q 

Q 

> 


-5.0 



Output Digit and 









Segment Strobes 









Driver On 









Commercial 



-1.5 



+ 3.5 ) 


V 

Industrial 



-1.7 



+ 3.3 f 

At 10 mA 

V 

Driver Off 10951-40 

-40 


-35 

-35 


-30 \ 

Actual value 

V 

Driver Off 10951-50 

-50 


-45 

-45 


-40 f 

determined by 
external circuit 

V 

Output Leakage 



10 



10 ) 

Per driver at 


Input Leakage 



10 



10 j 

driver off 



Note: All outputs require Pulldown Resistors. 


AC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

SCLK Clock 






On Time 


1.0 


20.0 

fiS 

On Time 


1.0 



ns 

Data Input Sample Time 






Before SCLK Clock Off 

Tboff 

200 



ns 

After SCLK Clock Off 

Taoff 

100 



ns 
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SCLK and Serial Data (Control Word) Examples 



VDD \ 

^ VDD STABILIZED 


^100 

(MIN) 

-^100 ^s*- 
(MIN) 


POR 

DATA/COMMANt 





1 

DATA VALID 




Power-On Reset 
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10951 Bargraph and Numeric Display Controller 


FUNCTIONAL DESCRIPTION 

The 10951 receives commands and data on a serial input line 
clocked externally by a separate clock input line. The controller 
decodes the commands from control data words, decodes the 
data words in accordance with an internal 64 x 16-bit program- 
mable logic array (PLA) and turns on and off segment and digit 
output drivers. The segment output patterns are controlled by 
the decoded data words while the digit output and segment out- 
put timing are controlled by the decoded control words. All timing 
signals required to control the display are generated In the 10951 
device without any refresh input from the host processor. 

Input data is loaded into the Display Data Buffer via the Serial 
Data Input (Data) channel. Internal timing and control blocks syn- 
chronize the segment and digit output signals to provide the 
proper timing for the multiplexing operation. The 16 x 64 PLA 
decodes 8-bit data words to drive the 16 segment, comma and 
decimal point drivers. The decoded data words will drive 16 seg- 
ments to display bargaph patterns (single segment and multi- 
ple segment for increasing length displays) or seven-segment 
patterns to display numbers, selected upper and lower case 
letters, comma and decimal point. 

Input data is loaded into the 1 0951 as a series of 8-bit words with 
the most significant bit (MSB), bit 7, first. If the MSB is a logic 1 
(this bit is referred to as the control bit C), the loaded word is a 
control data word. If the C bit of any word is a logic 0, the loaded 
word is a display data word. The following paragraphs describe 
the format and functions of these control and display data words. 

INPUT CONTROL DATA WORDS 

When the C-Bit (bit 7) of the 8-bit input word is a logic 1 , bits 5 
and 6 are decoded into one of four control commands while data 
associated with the command are extracted from bits 0-4. There 
are four control codes which perform the following display 
functions: 

• Load the Display Data Buffer pointer, 

• Load the Digit Counter, 

• Load the Duty Cycle register, 

• Enable the Test Mode. 

Table 1 lists the control codes and their functions. 


Buffer Pointer Control 

The Buffer Pointer Control code allows the Display Data Buffer 
pointer to be set to any digit position so that individual characters 
may be modified. The Buffer Pointer Is loaded with a decimal 
equivalent value 2 less than the desired value (i.e., to point to 
the digit controlled by AD6 of the display, a value of 4 is entered). 
See Table 2 for a complete list of the Buffer Pointer values. 


Digit Counter Control 

The Digit Counter Control code is normally used only during in- 
itialization routines to define the number of character positions 
to be controlled. This code maximizes the duty cycle for any 
display. If 16 characters are to be controlled, enter a value of 0 
(zero). Otherwise, enter the value desired. 


Duty Cycle Control 

The Duty Cycle Control code is used to turn the display on and 
off, and to adjust display brightness. As shown in the block dia- 
gram, the time slot for each character is 32 clock cycles. The 
segment and digit drivers for each character are on for a maxi- 
mum of 31 cycles with a 1 cycle inter-digit off-time. The Duty 
Cycle Control code contains a 5-bit numeric field which modifies 
the on-time for the driver outputs from 0 to 31 cycles. A duty 
cycle of 0 puts both the segment and digit drivers into the off 
state. Figure 1 shows the timing characteristics for the segment 
outputs. 


Test Mode Enable 

The Test Mode Enable code is a device test function only. If 
executed, it will lock the device in the Test Mode. This mode 
can be disabled only by performing a power-on reset. 


If this mode is activated, the digit time is reduced from 32 to 
4 clock cycles to speed up the output driver sequencing time 
for ease in testing. 


Table 1. Control Data Words 


8’Bit Control Word 

Function 

C-Bit 

7-Blt Code 

1 

010NNNN1 

Buffer Pointer Control (Position of character to be changed) 

1 

100NNNN1 

Digit Counter Control (Number of characters to be output) 

1 

11NNNNN2 

Duty Cycle Control (On/off and brightness control) 

1 

00NNNNN3 

Test Mode Enable (Not a user function) 


Note: 

1. NNNN is a 4-bit binary value representing the digit number to be loaded. 

2. NNNNN is a 5-bit binary value representing the number of clock cycles each digit is on. 

3. This code is a device test function only. If executed it will lock the device in the Test Mode. Test Mode can be 
disabled only by performing a power-on reset. 
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Bargraph and Numeric Display Controller 


Table 2. Buffer Pointer Control Codes 


Hex Code 

Pointer Value 

Character Controlled By 

AO 

0 

AD2 

A1 

1 

AD3 

A2 

2 

AD4 

A3 

3 

ADS 

A4 

4 

AD6 

A5 

5 

AD7 

A6 

6 

ADS 

A7 

7 

AD9 

A8 

8 

AD10 

A9 

9 

AD11 

AA 

10 

AD12 

AB 

11 

AD13 

AC 

12 

AD14 

AD 

13 

AD15 

AE 

14 

AD16 

AF 

15 

ADI 


INPUT DISPLAY DATA WORDS 

Display data words are loaded as 8-bit format codes. There are 
64 codes available (with the C-bit set to 0 to indicate a display 
data word). 


Sixteen display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer is automatically 
incremented before each data word is stored in the Display 
Buffer except for decimal point and comma words. The decimal 
point and comma words do not cause the Buffer Pointer to 
increment and thus are always associated with the previous 
character entered. To enter a character position out of the normal 
sequence, use the Buffer Pointer control command before enter- 
ing the display data word. It is not necessary to use the Buffer 
Pointer control command to cycle back to position 1 when less 
than 16 character positions are being used (Digit Counter 0). 


DIGIT DRIVERS (AD1-AD16) 

The sixteen Digit Drivers (ADI - ADI 6) are used to select each 
of the display digits sequentially during a refresh scan. Display 
segments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized 
simultaneously. The timing characteristics of both the digits and 
segments are shown in Figure 1 . See POP for the Power-On 
Reset state of these drivers. 
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Bargraph and Numeric Display Controller 


POWER-ON RESET (POR) 

The Power-On Reset (POR) initializes the internal circuits of the 
10951 when power (Vqd) is applied. The following conditions 
are established after a Power-On Reset: 

a. The Digit Drivers (ADI -ADI 6) are in the off state (floating). 

b. The Segment Drivers (SGA-SGP) are in the off state (floating). 
This includes PNT and TAIL. 

c. The Duty Cycle Is set to 0. 

d. The Digit Counter is set to 16 (a bit code value of 0). 

e. The Buffer Pointer points to the character controlled by ADI . 

SEGMENT DRIVERS (SGA-SGP) 

Sixteen (16) Segment Drivers are provided (SGA-SGP), plus the 
decimal point (PNT) and comma tail (TAIL). The segment, PNT 
and TAIL outputs are internally decoded from the 8-blt characters 
in the Display Data Buffer by means of a 64 x 16-bit PLA. The 
driver allocations for the 16-segment bargraph display and 
the seven-segment alphanumeric character plus comma and 


decimal point are shown In Figure 2. The input codes associated 
with seven-segment alphanumeric, comma and decimal point 
display are also shown in Figure 2. The complete set of 8-bit 
codes for the bargraph and alphanumeric display is shown in 
Table 3. Note that only segment drivers SGA-SGG are used to 
drive the seven-segment characters. Segment drivers SGH-SGP 
may be used for other purposes as decoded in accordance with 
Table 3. Figure 3 shows the total allocation of the 16-segment 
drivers as they would appear on a 7-segment display or a 
16-segment bargraph display. Timing characteristics for the 
segment outputs are shown in Figure 1. See POR for the 
Power-On Reset state of these drivers. 

TYPICAL SYSTEM HOOK-UP 

Figure 4 shows the 10951 as it would be connected to a V-F 
display when driven by a host system. Ek is determined by the 
V-F display specifications and Rc is selected to provide proper 
biasing current for zeners. Pull down resistors Ra and Rq are 
determined by the interconnection capacitance between the 
10951 and the display. 


5-46 




10951 


Bargraph and Numeric Display Controller 


Table 3. 10951 Data Codes 


Input Code 

Function 

Segment Driver Output Patterns (1 = On) | 

1 

L 

Any 1 of 

16 Segments 

Bargraph 

Codes 

1 to 16 
Segments 

r 

7 6 5 4 3 2 1 0 

SGA 

SGB 

SGC 

SGD 

SGE 

SGF 

SGG 

SGH 

SGI 

SGJ 

SGK 

SGL 

SGM 

SGN 

SGO 

SGP 

PNT 

TAIL 

0X000000 

0 X 0 0 0 0 0 1 

0 X 0 0 0 0 1 0 

0 X 0 0 0 0 1 1 

0 X 0 0 0 1 0 0 

0 X 0 0 0 1 0 1 

0 X 0 0 0 1 1 0 

0 X 0 0 0 1 1 1 

0 X 0 0 1 0 0 0 

0 X 0 0 1 0 0 1 

0X001010 
0X001011 
0X001100 
0X001 101 
0X001110 
0X001 1 1 1 

Segment A On 
Segment B On 
Segment C On 
Segment D On 
Segment E On 
Segment F On 
Segment G On 
Segment H On 
Segment 1 On 
Segment J On 
Segment K On 
Segment L On 
Segment M On 
Segment N On 
Segment 0 On 
Segment P On 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



0 X 0 1 0 0 0 0 

0 X 0 1 0 0 0 1 

0X010010 
0X010011 
0X010100 
0X010101 
0X010110 
0X010111 
0X01 1000 
0X011001 
0X01 1010 
0X01 101 1 
0X011100 
0X01 1 101 
0X011110 
0X011111 

Segment A On 
Segments A&B On 
Segment A-C On 
Segment A-D On 
Segment A-E On 
Segment A-F On 
Segment A-G On 
Segment A-H On 
Segment A-l On 
Segment A-J On 
Segment A-K On 
Segment A-L On 
Segment A-M On 
Segment A-N On 
Segment A-0 On 
Segment A-P On 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



0 X 1 0 0 0 0 0 

0 X 1 0 0 0 0 1 

0 X 1 0 0 0 1 0 

0 X 1 0 0 0 1 1 

0X100100 
0X100101 
0X100110 
0X1001 1 1 

0X101000 
0X101001 
0X101010 
0X101011 
0X101 100 
0X101101 
0X101110 
0X101111 

Number 0 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 

Number 6 

Number 7 

Number 8 

Number 9 

Letter P 

Letter L 

Semicolon 

Blank 

Decimal 

Blank 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 
1 1 
1 I 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

r 

1 ** 

1* 

i 

J 

i 

Alphanumeric 

and 

Special 

Codes 

L. 

0 X 1 1 0 0 0 0 

0 X 1 1 0 0 0 1 

0X110010 

0X110011 

0X110100 

0X110101 

0X110110 

0X110111 

0X1 1 1000 

0X111001 

0X111010 

0X111011! 

0X111100 

0X111101 

0X111110 

0X111111 

Number 0 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 

Number 6 . 

Number 7 

Number 8 

Number 9 

Letter A 

Letter b 

Letter C 

Letter d 

Letter E 

Letter F 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 






1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

; 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 




Notes: 

* Sets comma and decimal outputs for last character entered. 
** Sets decimal output for last character entered. 
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SGP _ 
SGO _ 
SGN . 
SGM _ 
SGL. 
SGK. 
SGJ _ 
SGI _ 
SGH . 
SGG_ 
SGF. 
SGE. 
SGD_ 
SGC. 
SGB_ 
SGA_ 


SGP _ 
SGO_ 
SGN _ 
SGM _ 
SGL_ 
SGK_ 
SGJ_ 
SGI _ 
SGH _ 
SGG_ 
SGF_ 
SGE_ 
SGD_ 
SGC_ 
SGB_ 
SGA_ 


SGP. 
SGO. 
SGN . 
SGM. 
SGL. 
SGK. 
SGJ . 
SGI . 
SGH . 
SGG. 
SGF. 
SGE. 
SGD. 
SGC. 
SGB. 
SGA. 


SGP. 
SGO. 
SGN. 
SGM. 
SGL. 
SGK. 
SGJ . 
SGI . 
SGH. 
SGG . 
SGF. 
SGE. 
SGD. 
SGC. 
SGB. 
SGA. 


00 01 02 03 04 05 06 07 08 09 OA OB PC OP OE OF 

1 SEE FIGURE 2 I 


7-SEGMENT 

CHARACTERS 


BARGRAPH 

CODES 


10 11 12 13 14 15 16 17 18 19 1A IB 1C ID IE IF 

I SEE FIGURE 2 1 


7-SEGMENT 

CHARACTERS 


20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

2A 

2B 

2C 2D 2E 2F 

[11 

1 

2 

3 

4 

5 

6 

7 

8 

9 

P 

L 

^ j 1 


BARGRAPH 

CODES 


7-SEGMENT 

CHARACTERS 


= PNT and TAIL both set 
= PNT only set 


SPECIAL 

BARGRAPH 

CODES 


30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 


7-SEGMENT 

CHARACTERS 


SPECIAL 

BARGRAPH 

CODES 


Figure 3. Total Character Allocation for Bargraph or 7-Segment Displays 
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Figure 4. Partial System Schematic 
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10955 

Rockwell^ 

Segmented Display Controller/Driver 


DESCRIPTION 

The 10955 Segmented Display/Driver is a MOS/LSI device 
capable of directly driving both the grids and anodes of multi- 
plexed vacuum-fluorescent segmented displays. All timing 
circuits (including a clock generator) required to control the 
display drivers are contained within the device. The 10955 can 
drive segmented displays with 8 or 16 grids (characters) and 
8, 16, or 24 anodes (segments). A serial interface allows for a 
host microprocessor to transmit commands and display data to 
the 10955 directly. 

A 128x16 bit PLA provides coding for both 16-segment and 
14-segment alphanumeric ASCII code character sets (all caps 
only). The PLA is divided into lower 64 and upper 64 code sets. 
Only one set can be selected at a time. In lower set mode the 
1 6-segment display characters are selected. In upper set mode 
the 14-segment display characters are selected. The PLA can 
also be bypassed so that data words from the host micro- 
processor are ioaded directly into segment drivers without 
decoding by the PLA. This mode is especially useful for creating 
special display patterns such as bar graph displays. Bypass 
mode is limited to eight drivers per data word. 


FEATURES 

• 8- or 16-character display driver 
® 8-, 16-, or 24-segment drivers 

• Average data rate 66 kHz 

• Single character burst rate 500 kHz 

• Direct digit drive of 20 ma for up to 40 or 50 volt vacuum- 
fluorescent serial displays 

• 1 28 X 1 6-bit PLA provides 1 6- or 1 4-segment alpha-numeric 
character set 

• Internal clock generator circuit 
® Serial host interface 

® PLA bypass mode 
® 40-pin DIP 


ORDERING INFORMATION 


Part 

Number 

Package 

Type 

Drive 

Voltage 

Temperature 
Range (°C) 

10955P-40 

Plastic 

40V 

0 to +70 

10955P-50 

Plastic 

50V 

0 to +70 

10955PE-40 

Plastic 

40V 

-40 to + 85 

10955PE-50 

Plastic 

50V 

-40 to + 85 


DATA IN 

SCLK 

LD 

POR 

VDD 

VSS 

C12P 


VGG 



OT-esjcortmtoh^ 
oooooooo 
QCQCOCQCCCQCQCa: 
h-i-hi-i-h i-I- 
(/)(/)(Ocoa)a)<o</3 


coo)OT-cMco*q-in 

h-HHI-l-l-h-!- 

(ooicncocncncoc/) 


SGA 

SGB 

SGC 

SGD 

SGE 

SGF 

SGG 

SGH 

SGI 

SGJ 

SGK 

SGL 

SGM 

SGN 

SGO 

SGP 


10955 Block Diagram 


Data Sheet 


Document No. 29001D36 
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INTERFACE DESCRIPTION 


Signal Name 

Pin No. 

Function 

Vss 

1 

Power and signal reference 

C12P 

2 

Test clock— factory test 

SCLK 

3 

Serial input data clock 

DATAIN 

4 

Serial data input 

SEGA-SEGP 

5-20 

Segments A through P driver 
outputs 

D7/STR15-D0/STR08 

21-28 

Direct segment outputs or 
strobe outputs 

STR07-STR00 

29-35, 37 

Strobe outputs 

Vqg 

36 

Display voltage 

Vdd 

38 

Logic supply voltage 

POR 

39 

Power on reset 

LD 

40 

Data Load Strobe 


SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS* 

All voltages are specified relative to Vss- 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vdd 

+ 0.3 to -25 

V 

Operating Current 

bo 

8 

mA 

Input Voltage 

V,N 

+ 0.3 to -25 

V 

Display Voltage 

Vqg 

+ 0.3 to -50 

V 

Operating Temperature 
Commercial 

Tc 

0 to +70 

°C 

Industrial 

T| 

-40 to + 85 

®C 

Storage Temperature 

Tstg 

-55 to +125 

®C 

Input Capacitance 

C|N 

5 

PF 

Output Capacitance 

Cqut 

10 

PF 









Vss 

cz 

1 

40 

ZD 

LD 

C12P 

[ZZ 

2 

39 

ZD 

POR 

SCLK 

1 = 

3 

38 

ZD 

Vqd 

DATAIN 

IZZ 

4 

37 

1 

STROO 

SEGA 

cz 

5 

36 

1 

Vqg 

SEGB 

cz: 

6 

35 

ZD 

STROI 

SEGC 

IZZ 

7 

34 

ZZ) 

STR02 

SEGD 

czz 

8 

33 

ZZ 

STR03 

SEGE 

[ZZ 

9 

32 

ZD 

STR04 

SEGF 


10 

31 

ZD 

STR05 

SEGG 

[ZZ 

11 

30 

ZZ 

STR06 

SEGH 

cz: 

12 

29 

ZZ 

STR07 

SEGI 

c_ 

13 

28 

ZD 

D0/STR08 

SEGJ 

czz 

14 

27 

ZD 

D1/STR09 

SEGK 

cz: 

15 

26 

ZD 

D2/STR10 

SEGL 

IZZ 

16 

25 

ZD 

D3/STR11 

SEGM 

czz 

17 

24 

ZZ 

D4/STR12 

SEGN 

cz: 

18 

23 

ZZ 

D5/STR13 

SEGO 

IZZ 

19 

22 

ZZ 

D6/STR14 

SEGP 

ZZ 

20 

21 

ZD 

D7/STR15 


10955 Pin Configuration 

*Note: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
other sections of this document is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 


DC CHARACTERISTICS 

(Vdd = - 18.0 to -22.0 Vdc, Vss = 0 Vdc, TA = 0°C to +70°C (commercial) or -40°C to +85°C (industrial), unless otherwise noted. 
All voltages referenced to Vss-) 


Parameter 

Symbol 

Min.4 

Typical^ 

Max.4 

Unit 

Operating Current, Logic 

Commercial 

industrial 

Idd 

- 

3.2 

4.0 

6.4 

8.0 

mA 

Operating Current Display 

Iqg 





1 strobe plus 24 segments @ Vqh 






Commercial 


— 

— 

6.5 

mA 

Industrial 


— 

— 

8.0 

mA 

1 strobe plus 16 segments @ Vqh 






Commercial 


— 

— 

4.3 

mA 

Industrial 


— 

— 

5.3 

mA 

All display drivers 






@ Vqq and 85°C 


— 

— 

320 


Display Voltage 

Vgg 




V 

10955-40 


-40.0 

— 

— 


10955-50 


-50.0 

— 

— 


Input Leakage (at - 20V) 

»1L 

— 

_ 

10 

nA 

Input (DATAIN, LD, SCLK) 





V 

Logic “1” 

VlH 

-1.2 

-0.5 

+ 0.3 


Logic “0” 

V,L 

Vdd 

-6.0 

-4.2 


Input POR 





V 

Logic “1” 

V|HPO 

-3.0 

— 

+ 0.3 


Logic “0” 

V|LPO 

o 

o 

> 

-12.0 

-10.0 


Output (C12P) 





V 

Logic “1” 

Vqhsy 

-0.7 

— 

+ 0.3 


Logic “0”1 

Vqlsy 

Vdd 

i 

— 


Output (Strobe STROO-07, D0-D7, SGA-SGP) 
Logic “1” (iLoad = 10 niA) 

Logic "1” (iLoad = 20 mA)2 

Logic “0” (iLoad = 0 mA) 

Vqh 

VOH 

VoL 

-1.5 

Vgg 

-1.0 
- 2.0 

0.5 + Vgg 

Vss 

Vss 

0.95 X Vgg 

V 

Notes: 

1. Open drain driver. Requires external pull-down resistor for testing only. 3. Typical measured at Vqq = 20.0V and = 25®C. 

2. STR00-STR07 only (also for D0-D7 when used as character drivers) 4. Max. values are most positive limits. Min. values are most 

negative limits. 
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AC CHARACTERISTICS 


Characteristic 

Symbol 

Clock Timing Cycle Time 

^CYC 

Commercial 


Industrial 


HOST INTERFACE TIMING 


Serial Clock (SCLK) 


On Time 

^SCON 

Off Time 

^SCOFF 

Cycle Time 

^SCCYC 

Serial Data (DATAIN) 


Set-up Time 

^SSETUP 

Hold Time 

^SHOLD 

Serial Clock to LD Time 

*SL 

LD to Serial Clock 

^LS 

Data Load (LD) 


On Time 

^LDON 

Off Time (Commercial 

^LDOFF 

Off Time (Industrial) 

^LDOFF 

Cycle Time (Commercial) 

^LDCYC 

Cycle Time (Industrial) 

^LDCYC 


Note: 

tr and tf = rise and fall time of clocking signals which are 10 to 30 nsec. 


SCLK 



LD 


tsSETUP - 


DATA IN 


DATA VALID 


Serial Interface 


Segmented Display Controller/Driver 



Waveforms 
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FUNCTIONAL DESCRIPTION 

All timing signals required to control the display are generated 
by the 10955 device after the display buffer and control registers 
have been loaded from the host processor. In the following func- 
tional description, refer to the 10955 block diagram. 

Input data is loaded into the Display Data Buffer via the serial 
data input channel. Internal timing and control logic synchronize 
the digit output signals with the segment output signals to pro- 
vide the proper timing for the multiplexing operation. The seg- 
ment decoding is performed in a 128 x 16 PLA character code 
set. 

CHARACTER DRIVERS (STR00-STR07) 

The eight character (grid) drivers are used to select the display 
character positions sequentially during a refresh scan. Display 
characters are illuminated when the character driver for a par- 
ticular character position and the segment (anode) drivers are 
energized simultaneously. 

DISCRETE DRIVERS (D0-D7) 

The function of these eight drivers depends on the display mode. 
In some modes these drivers act as segment (anode) drivers 


loaded directly from the Data Buffer (RAM). In other modes these 
drivers are used as extra character (grid) drivers (STR8-STR15). 
See Display Modes for further discussion of these driver 
functions. 

SEGMENT DRIVERS (SGA-SGP) 

Depending on the display mode, the sixteen segment drivers 
are loaded through an 8 x 16 PLA decoder or directly from the 
Data Buffer RAM. 

SYSTEM CLOCK 

Each 10955 device has its own on-board oscillator and clock 
generator. 

POWER-ON RESET 

The Power-On Reset (POR) input initializes the internal circuits 
of the 10955. This is normally performed when power (VDD) is 
applied. The following conditions are established by application 
of POR: 

a. The grid and anode drivers (STR00-STR07, D0-D7, and SGA- 
SGP) are in the off state. 
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b. Duty Cycle register is set to zero. 

c. The Digit Counter is set to 32 digits. 

d. The Buffer Pointer is set to zero. 

e. The Digit Timejs set to 64. 

f. The PLA Bypass/Sixteen Digit display mode is set. 

At power on, the 10955 is held in an internal halt mode. This 
allows the host system to load the control registers and the data 
buffer without flashing invalid data on the display. 

During the initial rise time of VDD at power turn-on, the magni- 
tude of VGG should not exceed the magnitude of VDD. 

HOST SYSTEM INTERFACE 

Input data is loaded into the 10955 via a serial data input chan- 
nel as a series of nine-bit words. 

After nine bits of data (with the most significant bit first) have 
been shifted into the data buffer, a pulse on the LD signal loads 
the data into an internal buffer and informs the 1 0955 that a new 
data word is available. After the LD pulse, a new data word may 
be shifted in while the 10955 is processing the first word. 


The following sections describe the format and functions of the 
input words which may contain either control data or display 
data. 

Display Data Words 

Display data words are loaded as nine bit codes. The lower eight 
bits (7-0) are data. The ninth bit (the most significant) is always 
a zero (0). 

Sixteen display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer is automatically 
incremented after each data word is stored in the buffer. The 
Buffer Pointer will automatically reset to character position 0 
when Its value is equal to the programmed digit count value. 
The Buffer Pointer may be set to any desired value with the 
Buffer Pointer Control Word. This permits arbitrary loading of 
the Display Data Buffer. 

Control Words 

Control words are distinguished from display words by the fact 
that the most significant bit is always a one. Control words and 
their functions are defined below. 


8 

7 

1 ^ 

5 

4 

3 

2 

1 

0 

BIT 




^ ^ 1 ^ 1 

DATA 

DUTY CYCLE, DIGIT COUNT, BUFFER POINTER 

1 


CODE 


PLA MODE 

CONFIG. 

DIGIT TIME 

^ CONTROL REGISTER 

0 

1 

X 

X 

X 

X 

X 

X 

DUTY CYCLE CONTROL 

1 

0 

0 

X 

X 

X 

X 

X 

DIGIT COUNT CONTROL 

1 

1 

0 

0 

X 

X 

X 

X 

BUFFER POINTER CONTROL 

0 

0 

0 

X 

X 

X 

X 

X 

CONTROL REGISTER 
(5 bits coded as shown below) 

0 

0 

0 

X 

X 

Y 

0 

0 

64 cycles per grid 

0 

0 

0 

X 

X 

Y 

0 

1 

16 cycles per grid 

0 

0 

0 

X 

X 

Y 

1 

0 

32 cycles per grid 

0 

0 

0 

X 

X 

Y 

1 

1 

8 cycles per grid 

0 

0 

0 

X 

X 

0 

z 

z 

16 digit configuration 

0 

0 

0 

X 

X 

1 

z 

z 

8 digit and two output 

0 

0 

0 

0 

0 

Y 

z 

z 

PLA bypass 

0 

0 

0 

0 

1 

Y 

z 

z 

Reserved for upgrade 

0 

0 

0 

1 

0 

Y 

z 

z 

Lower 64 PLA (64U) 

0 

0 

0 

1 

1 

Y 

z 

z 

Lower 64 PLA (64L) 
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Buffer Pointer 

The Buffer Pointer Control code sets the Display Data Buffer 
Pointer. The five least significant bits of the code are loaded into 
the Buffer Pointer to select the character position as shown in 
Table 1. 


Table 1. Load Buffer Pointer Codes 


Load Code 
Value 

Pointer 

Value 

Character Position 
Seiected 

CO 

00 

0 

Cl 

01 

1 

C2 

02 

2 

C3 

03 

3 

C4 

04 

4 

C5 

05 

5 

C6 

06 

6 

C7 

07 

7 

C8 

08 

8 

C9 

09 

9 

CA 

OA 

10 

CB 

OB 

11 

CC 

OC 

12 

CD 

OD 

13 

CE 

OE 

14 

CF 

OF 

15 

Note: DO-DF (Not Used) | 


Digit Count Control 

The Digit Count Control command defines the number of char- 
acter positions (grids) to be controlled. This code is normally used 
only during initialization routines, but it may also be used in con- 
junction with the Duty Cycle Control code to extend the range 
of brightness control. Strobing begins at character position 0 
and proceeds thru the last position specified. If more than 16 
grids are selected (17-32), extra time slots are generated for 
these phantom strobes. When the phantom strobes are active, 
strobes 0 through 15 are off so the displayed data is not affected 


although the duty cycle is decreased as each phantom strobe 
is added. The code, digit count value, and number of grids con- 
trolled by the Digit Counter are shown in Table 2. 


Table 2. Load Digit Counter Control Codes 


Code 

Digit 

Counter Vaiue 

No. of Grids 
Controiied 

80 

00 

32 

81 

01 

1 

82 

02 

2 

83 

03 

3 

84 

04 

4 

85 

05 

5 

86 

06 

6 

87 

07 

7 

88 

08 

8 

89 

09 

9 

8A 

OA 

10 

8B 

OB 

11 

8C 

OC 

12 

8D 

OD 

13 

8E 

OE 

14 

8F 

OF 

15 

90 

10 

16 

91 

11 

17 

92 

12 

18 

93 

13 

19 

94 

14 

20 

95 

15 

21 

96 

16 

22 

97 

17 

23 

98 

18 

24 

99 

19 

25 

9A 

1A 

26 

9B 

IB 

27 

9C 

1C 

28 

9D 

ID 

29 

9E 

IE 

30 

9F 

IF 

31 


5-56 






10955 


Segmented Display Controller/Driver 


Duty Cycle 

The Duty Cycle Control code is used to turn on and off the 
display, to adjust display brightness, or to modify display tim- 
ing. The time slot for each character is 8, 16, 32, or 64 internal 
cycles (an internal cycle = 1/2 tcvc selected by the Digit 


Time codes in the control register. The segment and digit drivers 
for each character may be turned on for a maximum of 5, 13, 
29, or 61 cycles with a 3 cycle mandatory inter-digit off time. 
The lower six bits of the Duty Cycle Control code are loaded 
into the Duty Cycle Register. Resultant duty cycles (on-times 
and off-times) are shown in Table 3. 


Table 3. Duty Cycle Control Codes 


Digit Time = 8 


Digit Time = 16 

Digit Time = 32 

Digit Time = 64 

On 

Off 

On 

Off 

On 

Off 

— 

16 

_ 

32 

_ 

64 

— 

16 

— 

32 

— 

64 

— 

16 

— 

32 

— 

64 

1 

15 

1 

31 

1 

63 

2 

14 

2 

30 

2 

62 

3 

13 

3 

29 

3 

61 

4 

12 

4 

28 

4 

60 

5 

11 

5 

27 

5 

59 

6 

10 

6 

26 

6 

58 

7 

9 

7 

25 

7 

57 

8 

8 

8 

24 

8 

56 

9 

7 

9 

23 

9 

55 

10 

6 

10 

22 

10 

54 

11 

5 

11 

21 

11 

53 

12 

4 

12 

20 

12 

52 

13 

3 

13 

19 

13 

51 

13 

3 

14 

18 

14 

50 

13 

3 

15 

17 

15 

49 

13 

3 

16 

16 

16 

48 

13 

3 

17 

15 

17 

47 

13 

3 

25 

7 

25 

39 

13 

3 

26 

6 

26 

38 

13 

3 

27 

5 

27 

37 

13 

3 

28 

4 

28 

36 

13 

3 

29 

3 

29 

35 

13 

3 

29 

3 

30 

34 

13 

3 

29 

3 

31 

33 

13 

3 

29 

3 

32 

32 

13 

3 

29 

3 

58 

6 

13 

3 

29 

3 

59 

5 

13 

3 

29 

3 

60 

4 

13 

3 

29 

3 

61 

3 
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Control Register 

There is a 5-bit control register, which can be loaded by the 
control word, OOOXXYZZ. The lower 5 bits of this control word 
are loaded into the control register. 

The least significant two bits of the control register set the total 
Digit Time for each character during the refresh cycle. Four 
values can be set using the codes, 8, 16, 32, or 64 cycles per 
grid. The default value set at power-on is 64 cycles per grid. Un- 
der conditions where the display can be subjected to quick move- 
ments during viewing (e.g. portable or vehicle mounted 
applications) it may be necessary to increase the refresh rate 
by selecting 8, 16 or 32 cycles per grid with the appropriate 
control codes. 

The middle bit of the 5 bit control register determines the six- 
teen digit or eight digit configurations. The two most significant 
bits select one of the four PLA Modes. 

DISPLAY MODES 

The 10955 can operate in any of eight display modes which 
control the maximum number of active strobes and segments 
and the manner in which the RAM Data Buffer is decoded onto 
the segment drivers. 

16 Digit Configuration 

If the third bit of the control register is zero or is reset by the 
POR signal, the 16 digit configuration is selected. In this case, 
a maximum of 16 segments and 16 strobes are provided. The 
16 words in the RAM Data Buffer correspond to the 16 strobes. 
The 8 data bits of each word are sent to the PLA for decode. 

8 Digit Configuration 

If the third bit of the control register is a one, the 10955 is con- 
figured into the 8 digit mode. In this case, a maximum of 8 
strobes and 24 segments are allowed. The 8-bit words in the 
RAM Data Buffer are grouped into 8 word pairs which correspond 
to strobes STR0-STR7: 0-1, 2-3, 4-5, 6-7, 8-9, 10-11, 12-13, and 
14-15. The data in the even-numbered word of each pair is load- 
ed into the direct-output segment drivers (D0-D7). The data in 
the odd-numbered word of each pair is decoded in the segment 
PLA decoder before being loaded into the 16-segment output 
drivers (SGA-SGP). 

PLA Bypass Mode 

If both of the most significant bits of the control register are zero, 
the PLA Bypass Mode is selected. In this mode, the PLA is 
bypassed. Each data word is loaded directly into the segment 
drivers without being decoded by the PLA. Since there are only 
8 data bits but 16 drivers, each data bit is loaded into two 


adjacent drivers which can be connected externally to provide 


twice the current drive of an individual driver. The 
bits/segments selection allocation is as follows: 

data 

Data bit 7 

6 

5 

4 3 

2 1 

0 

Segments 0,P 

M,N 

K,L 

l,J G,H 

E,F C,D 

A,B 


Upper 64 PLA Mode (64U) 

In this mode (bit 5 = 1 , bit 4 = 0) the Upper 64 out of the 1 28 codes 
are used, (i.e., 64 to 127). Since 64 codes can be specified by 
a 6-bit word, the most significant two bits of the 8-bit word from 
the RAM are not used. However, the most significant two bits 
of the display data are brought out directly to SEGO and SEGP 
outputs. Therefore, the 64 codes can be decoded to the 
16-segment outputs, or only 14-segment outputs leaving two for 
direct output from the RAM. 

Lower 64 PLA Mode (64L) 

This mode (bit 5 = 1, bit 4 = 1) is similar to the Upper 64 PLA 
Mode, but only the lower 64 codes (0-63) out of the 128 codes 
are used. The 64L and 64U PLA modes allow two independent 
sets of 64 codes to be programmed into one chip. In running 
the display, only one set can be selected at a time. 

Fourth PLA Mode 

A fourth PLA mode is reserved for future expansion of the 10955. 
This code (bit 5 = 0, bit 4 = 1) should not be used. Selecting this 
PLA mode may result in non-defined characters appearing on 
the display. 

PLA CHARACTER SET CODES 

Figure 1 shows the 16-segment and 14-segment driver assign- 
ments for the corresponding segmented displays. Figure 2 
shows the 16-segment and 14-segment PLA character set 
patterns coded into the 10955. 



Figure 1. Segment Driver Assignments 
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Low-Cost Crystal Oscillator 

Rockwall 

for Clock Input 


PURPOSE 

This application note describes a low cost oscillator circuit which 
will produce the basic input frequency required by the clock 
generator circuits in the Rockwell R65XX series microprocessors. 
This circuit can be constructed around either of two readily- 
available, low cost crystals. Both crystals are approximately the 
same cost, depending on source and quantities. These crystals, 
identified in the table below, may be obtained from Electro 
Dynamics, 5625 Foxridge Drive, Shawnee Mission, Kansas 


66201, by ordering Part No. 333R05-001 (3.579 MHz) or 59672 
(4.19 MHz). 

The oscillator output frequency is divided by 2 or by 4 to pro- 
vide any of the frequency options shown in the table. By trading 
off the slight deviation in frequency from the standard 1 MHz 
or 2 MHz clock with cost, this approach can reduce the cost of 
the oscillator circuit to less than $2.00 each in quantity buys. 


Crystal 

Output Frequency (MHz) 

Primary Use 

Frequency 

Divided By 2 

Divided By 4 

Color TV 

P/N 333R05-001 



3.579545 MHz 

1 .7897 

0.894886 

Automotive Clock 
P/N 59672 



4.194304 MHz 

2.097152 

1.048576 


DESCRIPTION 

The clock input frequency generator shown in the schematic con- 
sists of an oscillator circuit requiring one 1C and a divide by 2 
or by 4 circuit which also requires only one 1C. The output of 
this circuit is applied to the (00) input of the R650X microcom- 
puter clock generator circuit. 


The oscillator circuit uses three of the six drivers in a standard 
7404 and a crystal to produce an output. The oscillator output 
is input to a standard 7474 and the frequency is divided by either 
2 or 4 depending on the jumper connections (A or B), as shown 
in the schematic. 


n OSCILLATOR CIRCUIT T DIVIDE BY 2 OR 4 CIRCUIT “1 



TO R650X 
CLOCK 
INPUT 
(OO) 


Clock Input Frequency Generator 
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R6500/R6532 

Rockwell 

Timer Interrupt Precautions 


PURPOSE 


DESCRIPTION 


The R6532 is a RAM, i/0, timer (RIOT) combination device. The 
timer is an on-board count-down circuit and may be programmed 
to cause interrupts to the R6502 microprocessor. The timer inter- 
rupt is enabled by simply addressing the R6532 with the 
necessary selects and address bits. It is not necessary to load 
any internal registers to enable the interrupt, only to address 
the device. 

The R6502 (or one of its 28-pin versions) microprocessor can 
inadvertently cause addressing of the R6532 (or other de vices 
with a timer) during start-up or RESET operations. When RES 
is driven low, the R6 502 a nd R6532 are initialized to known inter- 
nal states. When RES goes high, however, the start-up 
procedure is initiated and the first two cycles contain arbitrary 
or random addresses on the bus. Table 1 illustrates the cycles 
immediately following RES going high. 

In most cases , this is normally not a problem, since the occur- 
rence of RES causes the R6502 IRQ interrupt to be disa bled. 
However, if the R6532 interrupt output is connected to the NMI 
(Non-Maskable Interrupt) input of the R6502 and the R6532 timer 
interrupt is inadvertently enabled during start-up, a timer inter- 
rupt may occur before the processor has executed its system 
initialization procedure. The possibility of all these things hap- 
pening is somewhat remote, but can be a potential problem. 


There are several solutions to this problem: 

1 . Use the IRQ interrupt input of the R6502, instead of N MI. In 
this way, the IRQ interrupt is automatically disabled by RES 
and the R6532 timer interrupt cannot occur. 

2. Use separate RES signals for the R6502 and the R6532. In 
order to avoid the first two cycles of the start-up (wherei n the 
addresses are unpredict able) , it Is necessary to hold the RES 
to the 6532 low after the RES to the R6502 goes high. This is 
illustrated in Figure 1. 


RES 

(TO R6502) 


RES 

(TO R6532) 



2-10 

fisec. 


f 


Figure 1 . Delayed Reset to R6532 


Table 1. Start-Up Cycle 


Cycles 

Address Bus 

Data Bus 

External Operation 

Internal Operation 

1 

? 

? 

Don’t Care 

Hold during Reset 

2 

? + 1 

? 

Don’t Care 

First Start State 

3 

0100 + SP 

? 

Don’t Care 

Second Start State 

4 

0100 + SP-1 

? 

Don’t Care 

Third Start State 

5 

0100 + SP-2 

? 

Don’t Care 

Fourth Start State 

6 

FFFC 

Start PCL 

Fetch First Vector 


7 

FFFD 

Start PCH 

Fetch Second Vector 

Hold PCL 

8 

PCH PCL 

First OP CODE 

Load First OP CODE 
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3. Gate the R6532 IRQ output to the R6502 NMI input with a 
circuit which is enabled by the initialization routine of the proc- 
essor. Figure 2 shows a possible configuration, with the gate 
enabled only when the processor does a write operation with 
A15 hi gh. N ote that this scheme essentially allows disabling 
of the NMI in the R6502. 

There are likely to be many other solutions to this problem. These 
ideas are intended to provide some simple ones and to provoke 
thought for others from the reader. 



Figure 2. Scheme for Gating to the NMI Input 
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A Dot Matrix Controller System 
Design Using the 10938/10939 Display 
Drivers and R6500/1EB Microcomputer 


by Terry Christensen and Tal Klaus, 
Semiconductor Products Division, Newport Beach, California 


INTRODUCTION 

The Rockwell 10938 and 10939 Dot Matrix Display Controller 
is a two-chip MOS/LSI general purpose display controller system 
designed to interface a host processor to dot matrix displays 
(vacuum-fluorescent or LED). 

This application note describes how this chip set can be used 
to drive a 40 character 5 x 7 dot matrix vacuum-fluorescent 
display. For demonstration purposes, a Futaba 40-SD-41Z dis- 
play is used and a Rockwell R6500/1EB Backpack Emulator 
serves as the host. With appropriate adjustments to the power 
supplies, the interfacing technique described is valid for all sim- 
ilar displays and any host processor. Since the display has 40 
grids, two 10939s are required. 

The two chip set will drive displays containing up to 35 anodes 
(dots or segments) and 20 grids (characters). 

The 1 0938 controls the anodes. It contains the anode drivers 
and a PLA-type decoder programmed to generate the 5 x 7 dot 
patterns for the full 96 character ASCII set. A similar device, the 
10941, is programmed to generate the ASCII character set for 
16 segment displays as well as bar graph patterns. The anode 
driver chips may be driven in parallel to generate patterns for 
more than 35 dots. An example of this is the 10942/10943 
anode driver set which is programmed to generate patterns for 
5 X 12 dot matrix displays. 

The 1 0939 controls the grids. In addition to 20 grid drivers, it 
contains a cursor driver, a 20 character display data buffer, logic 
to control grid timing and display refresh, and the host interface 
logic. These devices may be cascaded to drive displays with as 
many as 80 grids. Since the 10939 performs the grid strobing 
and display refresh functions, the host processor need only 
define the operating parameters (such as duty cycle and char- 
acter count) and update the display message. 

The hardware section of this document describes the demon- 
stration system and explains the operation of the display con- 
troller chip set. The software section describes several methods 
of controlling the display drivers and the display output. 


DESCRIPTION OF HARDWARE 

The simplicity of the hardware to drive the display is shown in 
the Figure 1 schematic and is presented in three sections: the 
host processor, the display drivers and the power supply. 


Host Processor 

The host processor for this application is a Rockwell R6500/1 EB 
Backpack Emulator which is the PROM prototyping version of 
the masked-ROM R6500/1 Single Chip NMOS Microcomputer. 
The R6500/1EB is totally upward/downward compatible with all 
members of the R6500 family. It is designed to accept standard 
5-volt 24-pin PROMs, EPROMs or ROMs directly in a socket on 
top of the emulator which simplifies program development. A 
2 MHz crystal provides the timing reference for the generation 
of a 1 MHz internal clock. Reset to the emulator is supplied 
during power on while the RC circuit is charging. The system 
can be reset at other times by the push button switch. 

Data may be transferred from a host processor to the display 
controller in either a parallel or a serial mode. In this application, 
parallel data is sent from port B of the emulator chip to the 1 0939 
data ports. Emulator lines PCO and PCI control the load lines 
of the 10939s. Line PDO on the emulator chip controls the reset 
circuit that drives the POR lines of the 10939s. This places the 
reset of the display controllers under software control. A level 
translator circuit converts the 0 to +5V TTL levels of the host 
to the -I-5V to -15V levels of the display controller devices. 

Display Control 

The display driver chip set interfaces directly with the vacuum 
fluorescent display tube. The selected display tube has a 5 x 1 2 
dot matrix. For this demonstration, rows one through seven are 
connected to the 10938 anode drivers to serve as a 5 x 7 dot 
matrix. The dots of row nine are connected together to form a 
cursor and the anodes of rows 8, 10, 11 and 12 are unused. 

The two 10939 devices are connected in daisy-chain fashion. 
Each 10939 device has its own on-board oscillator and clock 
generator. However, when more than one 10939 is used in a 
system, the same clock must be used for all devices. The 
MASTER pin on the 10939 device which is to supply the system 
clock must be connected to VDD, but on the other 1 0939 device, 
the slave, the MASTER pin is connected to VSS. These con- 
nections activate the oscillator on the master 10939 and cause 
a three-level four-state signal to be output on the CLOCK output. 
The oscillator on the slave 10939 Is deactivated. The internal 
clock generators on both the master and slave devices use the 
signal on the CLOCK pin as an input. This minimizes the skew 
between master and slave devices. 

As shown in the schematic, for this application, the master 
10939 controls the left half of the display and the slave controls 
the right half. Strobe 0 (STROO) controls the left most digit (MSB) 
and strobe 19 (STR19) controls the right most digit (LSB) of 
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each half of the display. The cursor outputs are diode ORed to 
prevent ghosting and they are pulled down to VGG to provide 
a normally off signal to the display. 

A two line synchronization port (SOP and SIP) insures that only 
one 10939 device at a time drives the display. When one 10939 
outputs its last character, it emits a pulse on SOP. The next 
10939 receives this pulse on its SIP input and starts its display 
cycle. This sequence continues through all of the 10939’s in a 


chain. The SOP of the last 10939 is connected back to the SIP 
of the first 10939 to start another cycle. The limit to the number 
of 10939’s in the chain is determined by; 1) the load on the clock 
output on the master 10939, and 2) the display refresh require- 
ments. The synchronization signal propagates during the last 
character time of its own 10939 and thus does not require any 
extra time before the first character of the next 10939. The duty 
cycles of all the 10939’s in the chain must be the same. 
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Display data and timing is output to the 10938 device via a two 
line serial port consisting of the SCLKDIS and DATALOAD pins. 
In order to minimize the number of package pins, these outputs 
are multiplexed, three-level, four-state drivers. 

The SCLKDIS signal is composed of the shift clock which shifts 
new data into the 10938 device and a disable signal which sets 
all of the 10938 display output drivers to the display off state. 
The DATALOAD signal is composed of serial 8-bit ASCII data 
and a load signal to transfer the new data from the 1 0938 input 
buffer through the PLA to the display driver outputs. The ASCII 
data is output with the most significant bit first. 


10938 Pin Functions 


Signal Name 

Pin No. 

Function 

Vss 

2 

Power and signal reference 

SG01-SG35 

3-25, 27-38 

Anode driver outputs 

SCLK-DIS 

39 

Serial data shift 

DATA-LOAD 

40 

Serial data output/latch control 

Vdo 

1 

DC Power 

Vqg 

26 

Pull down driver voltage 



DATA-LOAD 

SCLK-DiS 

SG01 

SG02 

SG03 

SG04 

SG05 

SG06 

SG07 

SG08 

SG09 

SG10 

SG11 

SG12 

Vqg 

SG13 

SGI 4 

SG15 

SGI 6 

SGI 7 


10938 Pin Configuration 


10939 Pin Functions 


Signal Name 

Pin No. 

Function 

Vss 

36 

Power and signal reference 

Vdd 

37 

DC Power 

CLOCK 

38 

Synchronization Clock 

CURSOR 

14 

Cursor drive output 

MASTER 

39 

Master/Slave Mode control 

SIP 

3 

Sync Input 

SOP 

2 

Sync Output 

D0-D7 

6-13 

Serial or parallel data input 

LD 

5 

Inputn data strobe 

POR 

4 

Power-on reset 

SCLK-DIS 

1 

Serial data shift clock 

DATA-LOAD 

40 

Serial data output/latch control 

STR00-STR19 

15-34 

Grid Drive Outputs 

Vgg 

35 

Pull down driver voltage 


Power Supply 

The power for this application is derived from two linear power 
supplies for VSS (+5 Vdc) and VGG (-35 Vdc). A third level 
for VDD (-15 Vdc) is obtained from a zener reference between 
VSS and VGG. Power requirements at room temperature (25°C) 
are as follows: 

VSS +5 ±0.5 Vdc @ 40 ma 

VDD -15 ±1.5 Vdc @ 12 ma 

VGG -35 ±3.5 Vdc (S 1 6 ma 

These levels are for worst case operation, i.e., with all 35 dots 
ON. For normal alphanumeric display characters, the VGG 
power to the 1 0938 is reduced by 50 percent for a total of about 
1 1 ma. At 0°C operation, the power requirement would increase 
about 20 percent. 

In addition to the dc levels for the 1C devices, the vacuum-flu- 
orescent display tube also requires an ac filament voltage. The 
filament power for the Futaba 40-SD-41 display tube is typically 
6.3 Vac at 1 50 ma. This is driven from a center-tapped trans- 
former and biased at 6.8 V above VGG with a zener diode as 
shown in Figure 2. 


SCLK-DIS 

SOP 

SIP 

POR 

LD 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

CURSOR 

STR19 

STR18 

STR17 

STR16 

STR15 

STR14 


C 1 40 □ 

C 2 39 □ 

C 3 38 3 

C 4 37 J 

C 5 36 J 

C 6 35 □ 

C 7 34 □ 

C 8 33 □ 

C 9 32 J 

□10 31 □ 

C 11 30 □ 

C 12 29 □ 

□13 28 □ 

□ 14 27 □ 

□15 26 □ 

□ 16 25 □ 

□ 17 24 □ 

□ 18 23 □ 

□ 19 22 □ 

□ 20 21 □ 


DATA-LOAD 

MASTER 

CLOCK 


Vss 

Vgg 

STROO 

STR01 

STR02 

STR03 

STR04 

STR05 

STR06 

STR07 

STR08 

STROO 

STR10 

STR11 

STR12 

STR13 


10939 Pin Configuration 
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Figure 2. Basic Drive Circuit 


DISPLAY OPERATION 

At power on, the 10939 is placed in an internal host mode with 
reset from the R6500/1EB. This allows the host system to load 
the control registers and the data buffer without flashing “gar- 
bage” on the display. The normal display refresh sequence is 
started upon receipt of a START REFRESH control code. Only 
the master 10939 in a multi-chip system will recognize the 
START REFRESH code. The master will start the slave(s) at 
the appropriate time by using the SOP signal. 

During the initial rise time of VDD at power turn-on, the. mag- 
nitude of VGG should not exceed the magnitude of VDD. 

Data bytes may be loaded into a 10939 in either a serial or a 
parallel data load mode. At power-on reset, the device is set to 
serial load mode. The parallel load mode is implemented when 
any of the six data input lines D2-D7 is raised to VSS (TTL logic 
“1”). After the parallel load mode has been implemented, the 
chip must be reset to return to serial load mode. 

When using serial data load mode exclusively, it is recom- 
mended that input lines D2-D7 be externally tied to VDD to pre- 
vent inadvertent implementation of the parallel load mode. The 
data line DO is used for data input, and the serial clock is input 
on D1 . After eight bits of data (with the most significant bit first) 
have been shifted into the data buffer, a pulse on the LD signal 
loads the data into an internal buffer and informs the 1 0939 that 
a new data word is available. After the LD pulse, a new data 
word may be shifted in while the 10939 is processing the first 
word. 


In this application, the data lines for both 10939s are controlled 
by emulator port B. The LD lines determine which device accepts 
the output data. 

SOFTWARE 

The subroutines of this section control the display in the previ- 
ously described system. Included are examples of display driver 
initialization, data transfer to the display drivers and display 
scrolling. The routines are written in 6502 Assembly language 
and assume 1 MHz operation. With minor modifications, they 
may be used for a system having a display with a different grid 
count. 


The following definitions are used throughout: 


CONSTANTS 


MRS 

= $02 

MASTER 10939 

SLV 

= $01 

SLAVE 10939 

ALL 

= $03 

BOTH 10939’S 

DUT 

= $5A 

DUTY CYCLE = 24/32 

DT 

= $06 

DIGIT TIME = 32 

CC 

= $94 

CHARACTER COUNT - 20 


RAM 



* = $0 


HOLD 

* = * +1 

LOAD LINE SELECT 

BIT 1 = MASTER 10939 (UPPER 1/2 OF DISPLAY) 

BIT 0 = SLAVE 10939 (LOWER 1/2 OF DISPLAY) 

KNTR 

* = ★ +1 

COUNTER FOR # OF DIGITS TO OUTPUT 

KNT2 

* = ★ +1 

COUNTER FOR DISPLAY ROTATION 

DATA 

* = * +1 

DATA TO BE OUTPUT TO 10939’S 

SDATA 

* = * +1 

TEMP REG FOR SERIAL OUTPUT 

PNTR 

* = * 4-2 

TABLE POINTER 

BPNT 

* = * 4-2 

2ND POINTER FOR DISPLAY ROTATION 

TEMP 

* = * 4-1 

SCRATCH PAD 

WAITER 

* = ★ 4-1 

DELAY LOOP COUNTER 


I/O 


PBIO 

= $081 

DISP DATA LINES 

PCIO 

= $082 

DISP LOAD LINES 

BIT 0 = SLAVE (RIGHT OR LOWER) 

BIT 1 = MASTER (LEFT OR UPPER) 

PDIO 

= $083 

DISP DRIVER CNTL LINES 

BIT 0 = POR 


LLATCH 

= $085 

LOWER LATCH 

ULATCH 

= $088 

L U LTCH, XFR 2 CNTR, CLR FLG 

CR 

= $08F 

CONTROL REGISTER 


In parallel mode, data bytes are loaded into the 10939 by 
loading the data onto D0-D7, then pulsing the LD input. Before 
sending data to the chip, implement the parallel load mode by 
toggling the data lines. This will not be effective unless it is done 
after FOR has gone low. 


6-9 




Application Note 10938/10939 Display Controller System 


DISPLAY DRIVER CONTROL WORDS 


Control Word Assignments 


Hex Vaiue 

Function 

01 

Load 01 into Data Buffer 

05 

Set digit time to 16 cycles per grid 

06 

Set digit time to 32 cycies per grid 

07 

Set digit time to 64 cycles per grid 

08 

Enable Normal Display Mode (MSB in data 
word is used for cursor control only) 

09 

Enable Blank Mode (data words with MSB = 1 
will be blanked and cursor will be on) 

OA 

Enable Inverse Mode (data words with MSB = 1 
will be “inversed” and cursor will be on) 

OE 

Start Display Refresh Cycle (use only once 
after reset) 

40-7F 

Load Duty Cycle Register with iower 6 bits (0-63) 

80-9 F 

Load Digit Counter (80=32, 81 =1, 82=2, etc.) 

C0-D3 

Load Buffer Pointer Register with lower 5 bits 


Duty Cycle Control Codes 



Digit Time = 16 

Digit Time =: 32 

Digit Time = 64 

Code 

On 

Off 

On 

Off 

On 

Off 

40 

_ 

16 

— 

32 

_ 

64 

41 

— 

16 

— 

32 

— 

64 

42 

— 

16 

— 

32 

— 

64 

43 

1 

15 

1 

31 

1 

63 

44 

2 

14 

2 

30 

2 

62 

45 

3 

13 

3 

29 

3 

61 

46 

4 

12 

4 

28 

4 

60 

47 

5 

11 

5 

27 

5 

59 

48 

6 

10 

6 

26 

6 

58 

49 

7 

9 

7 

26 

7 

57 

4A 

8 

8 

8 

24 

8 

56 

4B 

9 

7 

9 

23 

9 

55 

4C 

10 

6 

10 

22 

10 

54 

4D 

11 

5 

11 

21 

11 

53 

4E 

12 

4 

12 

20 

12 

52 

4F 

13 

3 

13 

19 

13 

51 

50 

13 

3 

14 

18 

14 

50 

51 

13 

3 

15 

17 

15 

49 

52 

13 

3 

16 

16 

16 

48 

53 

13 

3 

17 

15 

17 

47 

5B 

13 

3 

25 

7 

25 

39 

5C 

13 

3 

26 

6 

26 

38 

5D 

13 

3 

27 

5 

27 

37 

5E 

13 

3 

28 

4 

28 

36 

5F 

13 

3 

29 

3 

29 

35 

60 

13 

3 

29 

3 

30 

34 

61 

13 

3 

29 

3 

31 

33 

62 

13 

3 

29 

3 

32 

32 

7C 

13 

3 

29 

3 

58 

6 

7D 

13 

3 

29 

3 

59 

5 

7E 

13 

3 

29 

3 

60 

4 

7F 

13 

3 

29 

3 

61 

3 


Buffer Pointer Control Codes 


Code 

Value 

Pointer 

Value 

Character 

Position 

CO 

00 

0 

Cl 

01 

1 

C2 

02 

2 

C3 

03 

3 

C4 

04 

4 

C5 

05 

5 

C6 

06 

6 

C7 

07 

7 

C8 

08 

8 

C9 

09 

9 

CA 

OA 

10 

CB 

OB 

11 

CC 

OC 

12 

CD 

OD 

13 

CE 

OE 

14 

CF 

OF 

15 

DO 

10 

16 

D1 

11 

17 

D2 

12 

18 

D3 

13 

19 


Load Digit Counter Codes 


Code 

Digit 

Counter Value 

No. of Grids 
Controlled 

80 

00 

32 

81 

01 

1 

82 

02 

2 

83 

03 

3 

84 

04 

4 

85 

05 

5 

86 

06 

6 

87 

07 

7 

88 

08 

8 

89 

09 

9 

8A 

OA 

10 

8B 

OB 

11 

8C 

OC 

12 

■ 8D 

OD 

13 

8E 

OE 

14 

8F 

OF 

15 

90 

10 

16 

91 

11 

17 

92 

12 

18 

93 

13 

19 

94 

14 

20 

95 

15 

21 

96 

16 

22 

97 

17 

23 

98 

18 

24 

99 

19 

25 

9A 

1A 

26 

9B 

IB 

27 

9C 

1C 

28 

9D 

ID 

29 

9E 

IE 

30 

9F 

IF 

31 
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Delay Loops 


Delay loops DELAY and WATEO will be frequently referenced. 

They are used to control the display driver data ioad cycle time 
and to set display update and scrolling speed. 





Y * 50MS DELAY LOOP 


SHORT DELAY LOOP 






WAIT (17+10 *(ACC + 1))US 


DELAY 

LDY 

#$03 

WAIT 150 MS (3 *50MS) 




DLAYO 

LDA 

#<50000 

LOAD COUNTER WITH 50000 

WATEO LDA 

#$00 

WAIT 27US 


STA 

LLATCH 


WATE STA 

WAITER 

STORE LOOP COUNTER 

DLAY1 

LDA 

#>50000 

TO GET 50 MS DELAY 

WATE1 NOP 




STA 

ULATCH 


DEC 

WAITER 


DLAY2 

LDA 

OR 


BPL 

WATE1 



BPL 

DLAY2 


RTS 




DEY 







BNE 

DLAY1 






RTS 







TIMING WAVEFORMS 



Parallel Interface Timing Waveforms 


D1 

(SERIAL CLOCK) 


LD 


-«-Tscon-»^Tscoff-*-| 

^ r 


U-Tls*! 
h*TsL 4T ldon4^\doff 


Tssetup 



DO 

(DATA) 


2 jMsec 
1 fisec 
1 fxsec 
1 fjisec 

1 fisec 

1 fisec 

40 fisec* 

60 fxsec* 

1 fxsec 
1 ftsec 

FOR INDUSTRIAL RATED PARTS SUBSTITUTE 44.5 FOR 40 

66.7 FOR 60 


^ ^SCCYC 
^ TsCON ^ 20 IlS 
^ TscOFF 
^ Tssetup 
^ T’shold 
^ Tldon 
^ Tldoff 
^ Tldcyc 
^ Tls 
^Tsl 


Serial Interface Timing Waveforms 
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Output A Character — Serial 

This version of OPUT performs a serial data transfer from the 
host system to the selected 10939(s). Load line timing is the 
same for serial data transfer as it is for parallel data transfer. 
Serial data is shifted into each 10939 most significant bit first. 
It is not necessary to reload character data between load line 
pulses so a string of identical characters (when blanking the 
display for example) may be loaded by successively pulsing the 
load line. 

OUTPUT A CHARACTER 

SERIAL OUTPUT MSB FIRST 
HOLD = LOAD LINE(S) 

ACC OR DATA = DATA 


OPUT 

STA 

DATA 

WHEN DATA IN ACC 

OUTPUT 

LDX 

#$08 

INIT COUNTER 


LDA 

DATA 

FETCH DATA 


STA 

SDATA 


OUTS1 

ROL 

SDATA 

DATA BIT TO C 


LDA 

#$01 

INIT ACC 


BIT 1 = SERIAL CLOCK LINE 
BIT 0 = DATA BIT 


OUTPT 


ROL 

A 

DATA & SER CLK IN ACC 

STA 

AND 

PBIO 

#01 

OUTPUT DATA, TURN ON SER CLK 

STA 

DEX 

PBIO 

TURN OFF SER CLK 

BNE 

OUTS1 

OUTPUT NEXT BIT 

ROL 

SDATA 

RESTORE CARRY 

LDA 

STA 

HOLD 

PCIO 

SET LOAD LINE(S) HI 

JSR 

WATEO 

WAIT 20 US 

LDA 

STA 

#00 

PCIO 

SET LOAD LINE(S) LO 

LDA 

JSR 

RTS 

#02 

WATE 

WAIT 40 US 
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Output A Character — Parallel 

This version of subroutine OPUT performs a parallel data transfer 
from the host system to one or both of the 10939’s. Note that 
this subroutine contains two time delays. These are used to 
adjust the load line off and load cycle times. Also, it contains 
two entry points. OPUT is used when the output data is in the 
accumulator and OUTPUT is used, when the output data has 
been stored in RAM location DATA. 

OUTPUT A CHARACTER 

PARALLEL OUTPUT 

HOLD = LOAD LINE(S) 

ACC OR DATA = DATA 


OPUT 

STA 

DATA 

WHEN DATA IN ACC 

OUTPUT 

LDA 

DATA 

FETCH DATA 


STA 

PBIO 

OUTPUT DATA 

OUTPT 

LDA 

HOLD 

SET LOAD LINE(S) HI 


STA 

PCIO 



JSR 

WATEO 

WAIT 20 US 


LDA 

#00 

SET LOAD LINE(S) LO 


STA 

PCIO 



LDA 

#02 

WAIT 40 US 


JSR 

WATE 



RTS 




Flowchart: Parallel Data Transfer to 
Display Controllers 



Send A Control Word 

CMND sends a control word from the host system to the selected 
10939(s). The accumulator is loaded with the control word prior 
to the transfer to this subroutine. 

SEND A COMMAND 
ACC = COMMAND 


CMND PHA 



LDA 

#$01 

PREPARE DISPLAY DRIVER 

JSR 

PLA 

OPUT 

FOR CONTROL WORD 

JSR 

RTS 

OPUT 

SEND CNTL WORD 


Flowchart: Send a Control Word to 
Display Controllers 
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Initialize Display Drivers 

TRNON is an, example of an initialization routine. 


SET UP 

DISPLAY CONTROLLER 

TRNON LDA 

#$00 


STA 

PDIO 

DISABLE 10939’S 

STA 

PCIO 

SET LOAD LINES LOW 

STA 

PBIO 

SET DATA LINES LOW 

LDY 

#$01 

WAIT 50 MS 

JSR 

DLAYO 


LDA 

#$01 

RELEASE POR 

STA 

PDIO 


LDY 

#$01 

WAIT 50 MS 

JSR 

DLAYO 


LDA 

#$FF 

* PARALLEL DATA LOAD ONLY 

STA 

PBIO 

* PULSE DATA LINES 

LDA 

#$00 

* 

STA 

PBIO 

* PARALLEL DATA LOAD ONLY 

TRN1 LDA 

#ALL 

SET DISPLAY CONTROLLER PARAMS 

STA 

HOLD 

ADDRESS BOTH 10939’S 

LDA 

#CC 

DIGIT COUNT = 20 

JSR 

CMND 


LDA 

#DT 

DIGIT TIME = 32 CYC/CHAR 

JSR 

CMND 


LDA 

#DUT 

DUTY CYCLE = 24/32 

JSR 

CMND 


LDA 

#MRS 

LOAD MASTER ONLY 

STA 

HOLD 


LDA 

#$0E 

START REFRESH CYCLE 

JMP 

CMND 

(RETURN VIA CMND) 




TRNON 



Flowchart: Display Controller Initialization 
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BLANK The Display 

BLNK is a routine which fills the display buffers with blanks. By 
preloading HOLD, DATA and KNTR, theri entering the routine 
at location OUTC, it can be used to display a string of constants. 


BLANK DISPLAY 


BLNK 

LDA 

#ALL 

ADDRESS BOTH 10939’S 


STA 

HOLD 



LDA 

#$C0 

SET BUFFER POINTER TO ZERO 


JSR 

CMND 


BLN1 

LDA 

#$20 

ASCII BLANK 

BLN11 

STA 

DATA 


BLN2 

LDA 

#$14 

OUTPUT 20 DIGITS 


STA 

KNTR 



BNE 

OUTC1 


OUTPUT A CONSTANT 



ACC = 

= DATA 



KNTR 

= # DIGITS (MAX=20) 

OUTC 

STA 

DATA 

SAVE DATA 

OUTC1 

JSR 

OUTPUT 

SEND IT 


DEC 

KNTR 



BNE 

OUTC1 



RTS 





SELECT 
BOTH 10939’s 

13 :: 


SET BUFFER 
POINTER TO 0 

BLN1 ^ 

CHARACTER DATA 
= ASCII BLANK 


BLN2 


COUNTER = 20 


► 

OUTC1 1 r 


OUTPUT 

CHARACTER DATA 

~~r~ 


DECREMENT 

COUNTER 



Flowchart: Blank the Display 
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Load A Message 

TOUTO loads the display with data from a table stored in RAM 
or ROM. Locations PNTR and PNTR+1 contain the address of 
the first byte of data to be fetched from the table. KNTR Is pre- 
loaded with the number of characters to load. $FF is defined as 
an end of table flag so the execution of the routine can be ter- 
minated either by the count down of KNTR or the detection of 
the end of a table. 


OUTPUT FROM TABLE 

BUFFER POINTER MUST BE PRELOADED 
WHEN USING ENTRY POINTS BEFORE 
TOUTS 


TOUTO 

JSR 

POINT 

SET UP POINTER 

TOUT 

LDA 

#MRS 

SELECT MASTER 

TOUT1 

STA 

HOLD 


TOUT2 

LDA 

#$14 

20 CHARS MAX 

TOUTS 

STA 

KNTR 


TOUT4 

JSR 

OUTT 

SEND IT 

TOUTS 

LDA 

#$03 

SELECT THE OTHER 10939 


EOR 

HOLD 


TOUT7 

STA 

HOLD 



LDA 

#$C0 

BUFF PNTR = 0 


JSR 

CMND 



LDA 

#$14 

20 CHARS MAX 

TOUTS 

STA 

KNTR 



JMP 

OUTT1 

SEND IT 

OUTT 

LDY 

#$00 

INITIALIZE COUNTER 

OUTT1 

LDA 

(PNTR),Y 

FETCH DATA 


CMP 

#$FF 

END OF TABLE ? 


BEQ 

OUTT2 

YES 


JSR 

OPUT 

NO: SEND IT 


INY 


POINT TO NEXT TBL LOCN 


DEC 

KNTR 

COUNT DONE ? 


BNE 

OUTT1 

NO 

OUTT2 

RTS 


YES: EXIT 


LOAD TABLE POINTER 
X = OFFSET FOR POINTER TABLE 

POINT LDA MESS.X FETCH ADDRESS FROM 

POINTER TABLE 

STA PNTR TRANSFER TO POINTER 

REGISTER 

LDA MESS + 1.x 
STA PNTR+1 
RTS 



Flowchart: Dispiay with Table Data 
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Message Scroll 

The next three subroutines are used for scrolling messages 
across the display. SHFI clears the display then shifts in a mes- 
sage. SHFTO shifts a message across the display and ROTR 
is a loop which repeatedly rotates a message through the dis- 
play. These routines may be used separately or combined to 
create various effects. 

Scroll In A Message 

SHFI blanks the display then shifts in a table message. The 
embedded transfers to delay loops are used to control the 
shifting speed. 

CLEAR DISPLAY 

SHIFT IN TABLE MESSAGE RIGHT TO LEFT 
EXIT WHEN MSD MASTER HOLDS FIRST 
CHARACTER OF TABLE 


SHFI 

JSR 

POINT 

SET UP TABLE POINTER 


JSR 

BLNK 

BLANK DISPLAY 


JSR 

DELAY 

WAIT 


LDA 

#SLV 

START WITH SLAVE ONLY 


BNE 

SHF2 


SHFI 

LDA 

#MRS 

LOAD MASTER & SLAVE 

SHF2 

STA 

HOLD 



LDA 

#01 

START WITH ONE DIGIT 


STA 

KNT2 

SAVE # OF DIGITS 

SHF3 

STA 

KNTR 



SEC 


SET BUFFER PNTR = 20 - # 




DIGITS 


LDA 

#$14 



SBC 

KNT2 



ORA 

#$C0 



JSR 

CMND 



LDA 

HOLD 

HOLD DOUBLES AS A FLAG 


CMP 

#MRS 



BNE 

SHF4 



JSR 

TOUT4 

OUTPT TO MSTR & SLV 


JSR 

SHFT2 

ADD A SPACE IF END OF TABLE 


LDA 

#MRS 

SET UP FOR NEXT PASS 


STA 

HOLD 



JMP 

SHFS 


SHF4 

JSR 

OUTT 

OUTPT TO SLAVE ONLY 


JSR 

SHFT2 

ADD A SPACE IF END OF TABLE 

SHFS 

JSR 

DELAY 

WAIT 


INC 

KNT2 

ADD ANOTHER DIGIT 


LDA 

KNT2 



CMP 

#$1S 



BNE 

SHF3 



LDA 

#SLV 

BUFFER LOADED: WHICH ONE ? 


CMP 

HOLD 



BEQ 

SHFI 

SLAVE LDED, ADD MSTR 


RTS 


MSTR & SLV LOADED: EXIT 
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Scroll A Message Across the Display 

SHFTO blanks the display, shifts in a table message then shifts 
the message out of the display while simultaneously shifting in 
blanks. 


SHIFT TABLE MESSAGE ACROSS DISPLAY 


SHFTO 

JSR 

SHFI 

BLANK DISPLAY, SHIFT IN MESSAGE 

SHFT02 

JSR 

SHFTY 

SHIFT LEFT 1 DIGIT 


JSR 

DELAY 

WAIT 


BCC 

SHFT01 



RTS 


DONE ON C=1 

SHFT01 

INC 

PNTR 

ADJ PNTR 4 NEXT SHIFT 


BNE 

SHFT02 



INC 

PNTR+I 



BCC 

SHFT02 



SHIFT TABLE MESSAGE LEFT ONE 
DIGIT. OUTPUT A BLANK IF END 
OF TABLE IS DETECTED. 


SHFTY 

LDY 

#00 

INITIALIZE POINTER OFFSET 


LDA 

#MRS 

SELECT MASTER 

SHFTY1 

JSR 

TOUT? 

OUTPUT MESSAGE 


LDA 

KNTR 

END OF TABLE ? 


BEQ 

SHFT1 

NO 


CMP 

#$14 

YES 


CLC 




BNE 

SHFTB 

SETC=1 IF END OF TABLE 


SEC 


DETECTED AT MSD OF MASTER. 


BEQ 

SHFTB 

OUTPUT A BLANK 

SHFT1 

LDA 

#SLV 

SELECT SLAVE 

SHFT11 

JSR 

TOUT? 

OUTPUT MESSAGE 


CLC 



SHFT2 

LDA 

KNTR 

END OF TABLE ? 


BEQ 

SHFT3 

NO: EXIT 

SHFTB 

STA 

TEMP 

YES: SVE XIT CNTR VALUE 


LDA 

#01 

FOR ROTR THEN 


STA 

KNTR 

OUTPUT A BLANK 


LDA 

#$20 



JSR 

OUTC 


SHFT3 

RTS 





Flowchart: Shift Message Across Display 


6-18 





Application Note 


10938/10939 Display Controller System 



Flowchart: Shift Message Left One Position 
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Rotate A Message — Continuous Loop 

ROTR rotates a message on the display. 


ROTATE A TABLE MESSAGE— CONTINUOUS LOOP 
MESSAGE MUST BE ^ 20 CHARACTERS 


JSR SHFI 
LDA PNTR 
STA BPNT 
LDA PNTR+1 
STA BPNT+1 


STA TEMP 
JSR SHFTY 
BCS ROTR5 
LDA #00 
CMP TEMP 
BEQ ROTR25 


SHIFT IN MESSAGE 

SAVE TBL ADDRSS FOR WRAP 

AROUND 


TEMP IS CNTR VALUE 4 WRAP 
AROUND 

TEMP^0=TBL END DETECTED 
SHIFT LEFT ONE DIGIT 
TBL END IN MSD DISP ? 

NO: TABLE END DETECTED ? 


TABLE END: WRAP AROUND 
SAVE TAIL POINTER ON STACK 


SAVE TABLE 
ADDRESS 


CLEAR END OF 
TABLE FLAG 


UPDATE DISPLAY 
BUFFERS 


^XllPDATE^^ 
STOPPED 
AT BEGINNING 
(MSD) OF DISPLAY 


FETCH 1ST BYTE PNTR 


SHFTY ADDED BLNK: ADJ CNTR 


-^UPDATE^ 
STOPPED 
BY END 
OF TABLE 


COUNT DONE— WHICH HALF ? 


LOWER: SET UP 4 NEXT SHIFT 
UPPER: DO LOWER 
SET UP 4 NEXT SHIFT 


SAVE 

TABLE POINTER 


ROTR5 LDA BPNT 
STA PNTR 
LDA BPNT+1 
STA PNTR+1 
JMP ROTR26 

ROTR10 LDA TEMP 
STA KNTR 
LDA #MRS 
CMP HOLD 
BNE ROTR15 
JSR TOUT4 
JMP ROTR20 


TBL END IN MSD DISP 
RESET PNTR 


DO NEXT SHIFT 

COUNT NOT DONE 
RESET COUNTER 
WHICH HALF ? 


UP: FINISH UP, DO LOW 


WRAP AROUND AND 
FINISH DISPLAY 
BUFFER UPDATE 


RESTORE 
TABLE POINTER 


INCREMENT 
TABLE POINTER 


RESTART: 
REINITIALIZE 
TABLE POINTER 


ROTR15 JSR OUTT 

ROTR20 PLA 

STA PNTR+1 
PLA 

STA PNTR 


LOWER: FINISH LOWER 


RECLAIM TAIL POINTER 


WAIT OR DO 
SOMETHING ELSE 


ROTR25 INC PNTR 

BNE ROTR26 
INC PNTR+1 


INCREMENT TABLE 
POINTER FOR 
NEXT SHIFT 


ROTR26 JSR DELAY 


[ADD EXIT SEQUENCE I 


DO NEXT SHIFT 


Flowchart: Rotate Message 
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For further product information, refer to the following documents: 


Order Number 

Document Title 

096 

10938 and 10930 Oot Matrix Oisplay 

Controller Data Sheet 

060 

R6500/1EB Backpack Emulator Oata Sheet 

051 

R6500/1 One-Chip Microcomputer Oata Sheet 

051 S 

R6500/1E Emulator Oevice Oata Sheet 
Supplement 

212 

R6500/1 One-Chip Microcomputer Product 
Oescription 

2175 

Intelligent Oisplay Controller 

Oesigner’s Notes 
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Intelligent Display Controller 

Rockwell 

Designer’s Notes 


by Terry Christensen and Tal Klaus, 
Semiconductor Products Division, Newport Beach, California 


DESCRIPTION 

The Rockwell Intelligent Display Controller family of products is 
designed to interface host processors to various types of vacuum 
fluorescent displays. In addition to providing the display drive 
signals, these products perform character decoding, grid timing 
and display refresh functions. Included in the family are a series 
of single chip display controllers, a series of anode decoder/drivers 
and a grid controller/driver. 

Figure 1 is a block diagram of the single chip display controller. 
The products of this series contain 18 anode drivers and 16 grid 
drivers. Commands and data are input through a serial data port. 
A 64 X 16-bit mask programmable PLA provides character 
decoding. A 16 x 8-bit data buffer holds character data. Com- 
mands for brightness control, data buffer control and test mode 
enable are available. 

Two PLA patterns are provided as standard products. One, the 
10937 provides ASCII to 16 segment decoding. The other, the 
10951 provides 7 segment numeric and 16 segment bargraph 
decoding. Both of these products feature decimal point and tail 


control. Also available is the 10957 which is a 10937 modified to 
provide greater decimal and tail control. 

The block diagram of Figure 2 shows a typical host and display 
Interface for a single chip display controller. 

Grid controller/drivers are combined with anode decoder/drivers 
to create multi-chip display controllers. As shown in the block 
diagram of Figure 3, the grid controller/driver (10939) accepts com- 
mands and data from the host system, sends data and timing infor- 
mation to the anode decoder/driver, and controls a cursor output 
In addition to controlling the display grids. Commands for 
brightness control, buffer control, and blank and inverse display 
modes are available. These commands and the character data 
may be input to the 10939 through either a serial or a parallel data 
port. Each 10939 can drive up to 20 grids and store the related 
character data for automatic refresh. With the synchronization 
logic provided, as many as four 10939’s can be daisy chained 
together to drive 80 character displays as shown in Figure 4. 

The anode decoder/driver can drive up to 35 anodes. Data Input 
from the grid controller/driver are decoded in a 128 character mask 



SGA 

SGB 

SGC 

SGD 

SGE 

SGF 

SGG 

SGH 

SGI 

SGJ 

SGK 

SGL 

SGM 

SGN 

SGO 

SGP 

PNT 

TAIL 


Figure 1. Single Chip Display Controller Block Diagram 
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ANODE DECODER DRIVER 


8 BIT SHIFT 
REGISTER 


128 X 35 PLA 




ANODE 

DRIVERS 

AND 

LATCHES 



^ 0. Q. 

O V) 


Figure 3. Multi-Chip Display Controller Block Diagram 
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) CHARACTER 5x12 DOT MATRIX DISPLAY 


CURSOR GRIDS 


SGXX 


SCLK- 

DiS 


DATA- 

LOAD 


SCLK- 

DIS 


DATA 

LOAD 


SGXX 


10942 



SLAVE 


10939 

DATA-LOAD 

SCLK-DIS STRXX 


CURSOR 

CLOCK 

LD 

SOP 

DX 

SIP 

POR 


MASTER 




20 


SLAVE 

10939 

SOP 

SCLK-DIS STRXX 
DATA-LOAD CURSOR 
LD 

CLOCK DX 

SIP PORI 

MASTER 


VSS 





SLAVE 


10939 

SOP 


SCLK-DIS STRXX 

DATA-LOAD CURSOR 


LD 

CLOCK 

DX 

SIP 

POR 


MASTER 




VSS 


1 


MASTER 

10939 

SOP 


SIP 

STRXX 

CLOCK 

CURSOR 


LD 

SCLK-DIS 

DX 

DATA-LOAD 

POR 


MASTER 


VSS 


,20 


2 OR 8 

-V 


VGG 


HOST 



Figure 4. Block Diagram of 80 Character 5x12 Dot Matrix 
Display Driven by Multi-Chip Display Controller 
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programmable PLA to determine which anodes to activate. 
Several anode drivers may be driven as shown in Figure 4 to pro- 
duce characters from more than 35 anodes. 

Four PLA patterns are produced as standard products. The 10938 
provides ASCII to 5 x 7 dot matrix decoding. The 10941 generates 
16 segment ASCII and bargraph patterns. The 10942 and 10943 
are used together to generate 5 x 12 dot matrix ASCII characters. 

Tables 1 and 2 compare the features of the display controller 
products. 

Typical applications for the intelligent display controller family 
include: automotive instrument clusters, interactive terminals, 
typewriters, telecommunications products, industrial automation, 
appliances, hand-held computers and instrumentation systems. 

Although Intended for vacuum fluorescent displays, users are find- 
ing these intelligent controllers are cost effective for use with gas 
discharge, LED and incandescent displays even though buffer- 
ing is required. 

By providing a simple interface both with the host computer and 
the associated display, the intelligent controller family provides 
significant advantages over other approaches. The benefits of 


Rockwell’s intelligent display controller approach are: reduction 
of operating time required of the host computer, less display 
overhead electronics, simplified system design, less board real 
estate for the display control function, reduced power and cool- 
ing, lower overall installed cost and lower maintenance costs. 

This can be seen from the following comparison. Several tech- 
niques can be used to drive a 20 character, 5 x 7 dot matrix, 
vacuum fluorescent display. One way is to use two 10-bit shift 
register latched drivers to drive the grids and five 8-bit latched 
drivers to drive the anodes as shown In Figure 5, This configura- 
tion uses 19 outputs from the host system for display control. The 
host system must perform the grid timing and character to dot con- 
version. Because of this, the host system must service the display 
every character cycle. 

An efficient alternate method is to use the 10938/10939 chip set 
as shown in Figure 6. With this configuration, 4 or 10 outputs from 
the host system and a simple reset circuit are needed to drive the 
display controller. At initialization, the host loads operating 
parameters Into the display controller. Then the display buffer is 
loaded with the ASCII code of the characters to be displayed. After 
that the host accesses the display controller only when display 
characters or operating parameters need to be changed. The 
display controller performs the grid timing and ASCII to dot con- 
version functions. 


Table 1. Comparison of Single Chip Display Controller Features 


Features 

10937 

10951 

10957 

PLA Size 

64 

64 

64 

Font 

16 Segment Alphanumeric 

Decimal Point 

Comma 

7 Segment Numeric 

Decimal Point 

Comma 

16 Segment Bargraph 

16 Segment Alphanumeric 

Decimal Point 

Comma 

Anode Drivers 




Type 

Open-Drain 

Open-Drain 

Open-Drain 

Number 

18 

18 

18 

Current Limit (mA) 

10 

10 

10 

Grid Drivers 




Type 

Open-Drain 

Open-Drain 

Open-Drain 

Number 

16 

16 

16 

Current Limit (mA) 

20 

20 

20 

Host Interface 

Serial 

Serial 

Serial 

Control Options 

Duty Cycle 

Character Count 

Buffer Pointer 

Test Mode 

Duty Cycle 

Character Count 

Buffer Pointer 

Test Mode 

Duty Cycle 

Character Count 

Buffer Pointer 

Test Mode 

Power Supply Limits 




VDD(V) 

-15±1.5 

-15±1.5 

-15±1.5 

VGG(V) 

to -50 

to -50 

to -50 

Package 

40 Pin Dip 

40 Pin Dip 

40 Pin Dip 

Other 

2 Decimal and Tail Commands 

2 Decimal and Tail Commands 

4 Decimal and Tail Commands 
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Table 2. Comparison of Multi-Chip Display Controller Features 


Features 

Grid Drivers 

Anode Drivers | 

10939 

10938 

10941 

10942 

10943 

PLA Size 


128 

128 

128 

128 

Font 


5x7 Dot Matrix 
Alphanumeric 

16 Segment 
Alphanumeric and 
Bargraph 

Top Half 

5 X 12 Dot Matrix 
Alphanumeric 

Bottom Half 

5 X 12 Dot Matrix 
Alphanumeric 

Grid Drivers 

Type 

Number 

Current Limit (mA) 

Push-Puli 

20 

10 





Anode Drivers 

Type 

Number 

Current Limit (mA) 


Push-Pull 

35 

2 

Push-Pull 

18 

2 

Push-Pull 

23 

2 

Push-Pull 

23 

2 

Host Interface 

Serial or Parallel 

Via 10939 

Via 10939 

Via 10939 

Via 10939 

Control Options 

Digit Time 

Duty Cycle 
Character Count 
Buffer Pointer 
Blank Mode 

Inverse Mode 

Start Refresh 





Power Supply Limits 
VDD(V) 

VGG(V) 

-20 ±2.0 
to -50 

-20 ±2.0 
to -50 

-20 ±2.0 
to -50 

-20 ±2.0 
to -50 

-20 ±2.0 
to -50 

Package 

40 Pin Dip 

40 Pin Dip 

24 Pin Dip 

28 Pin Dip 

28 Pin Dip 

Other 

Cursor Driver 
Cascadable 


Decimal Point Driver 
Comma Driver 
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HOST 

SYSTEM 


10 BIT 
SHIFT REGISTER] 
LATCH DRIVER 

BLANK 

LATCH STROBE 
SERIAL CLOCK 
SERIAL DATA 


SERIAL DATA 
SERIAL CLOCK 
LATCH STROBE 
BLANK 
10 BIT 

SHIFT REGISTER 
LATCH DRIVER 


y- 


Figure 5. 20 Character 
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Figure 6. 20 Character 5x7 Dot Matrix Display Driven by Multi-Chip Display Controller 


HOST-DISPLAY CONTROLLER INTERFACE 

These devices contain circuitry to protect the inputs against 
damage due to high static voltages. However, it is advised that 
normal precautions be taken to avoid application of any voltage 
beyond the maximum rated limits. All inputs are TTL compatible 
although pullup (to VSS) resistors may be required in certain 
applications. 

CONTROL OF SINGLE CHIP DISPLAY CONTROLLERS 

Commands and display data are clocked into the single chip 
display controller from the host serially with the DATA and SCLK 
inputs, input data is shifted in as serial bytes, MSB first. Each bit 
is latched in on the falling edge of the SCLK pulse. The SCLK 
signal must remain high from one to 20 ns and low at least one ns 
for each bit. There must be a 40 /iS gap, with SCLK held low, 
between each byte. It is recommended that the display controller 
be reset periodically to assure bit synchronization. Figure 7 con- 
tains a summary of the data transfer timing requirements and a 
flow chart of the data transfer procedure. 

The MSB of the input byte is calied the coritrol bit. The state of 
this bit determines the function of the input data. If the control 
bit is a one, the input data is a command or control word. If the 
control bit is a zero, the input byte is display data. 


The single chip display controller recognizes four types of com- 
mands which are summarized in Table 3. The Buffer Pointer 
Control command sets the display data buffer pointer to the 
desired digit position. This enables easy modification of any 
individual character. When the command is executed, the buffer 
pointer is loaded with two less than the value of the controlling 
strobe line. Thus, to set the buffer pointer to the anode data for 
the character controlled by ADS, the command ASig is sent to 
the display controller. 

The Digit Counter Control command sets the number of strobe 
lines to be activated on the display controller. It is normally used 
during initialization to define the number of characters to be con- 
trolled. In some cases it may also be used to adjust display 
brightness. This Is discussed in the section describing display 
control techniques. The four ieast significant bits of the command 
byte determine the number of strobes to be activated. A command 
code of C0i6 enables all 16 strobes. Otherwise, the number in 
the lower half of the command is the number of active digits. 

Display brightness and display on/off are controlled by the Duty 
Cycle Control command. The internal clock of the display 
controller runs at 100 KHz ±50%. 32 clock cycles are allotted 
each active strobe. One of these 32 cycles is an inter-digit off time. 
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OUTPUT NEXT DATA 
BIT (TRANSFER 
DATA MSB FIRST) 


SET SCLK 
HIGH (VSS) 


WAIT 1 ; 


SET SCLK 
LOW 




1 .0 fiS ^ Ton ^ 20.0 
1.0 /iS ^ Toff 
200 ns ^ TbOFF 
100 ns ^ T 30 FF 
40 fiS ^ Tqap 
120 /tS ^ Tbyte 



WAIT 40 (iS MIN I data 


UTon4_T 

OFF -I 





•DATA MUST BE STABLE DURING THIS TIME 


Figure 7. Data Transfer to Single-Chip Display Controller 


The Duty Cycle Control command is used to select the number 
of the remaining 31 clock cycles a strobe is on. The number of 
“on” cycles is the five least significant bits of the command byte. 

The fourth command type is a Test Mode Enable. When this mode 
is activated, the digit time is reduced from 32 to 4 clock cycles. 
After the test mode has been entered, a power-on reset sequence 
must be performed to resume normal operation. 

CONTROL OF MULTI-CHIP DISPLAY CONTROLLERS 

In systems using the multi-chip display controller, commands and 
display data are sent from the host to the 10939(s) through the , 
data (D0-D7) and LD lines. Either a parallel or a serial data input 
mode may be used. 

The parallel data input mode is implemented by toggling any of 
data lines D2-D7 after POR has gone low. Once the parallel data 
load mode has been implemented, a power-on reset procedure 
must be performed to return to serial data load mode. Parallel data 
transfer is accomplished, as shown in Figure 8 , by putting the 


command or display data on the data lines, then pulsing the LD 
line. The load cycle time must be at least 60 fis with the LD line 
set high for at least one fis and held low for at least 40 /is. 

The serial data input mode is implemented during the power-on 
reset procedure. In those systems using serial mode, ports D2-D7 
should be tied low to prevent the inadvertent implementation of 
the parallel load mode. Serial data bytes are shifted into a data 
buffer MSB first on line DO using line D 1 as the serial clock. The 
last eight bits clocked in are latched into the display controller 
by a pulse on the LD line. As shown in Figure 9, the cycle time 
for each data bit is 2 ^s and the load time for each byte is 60 ns. 

The 1 0939’s may be cascaded together to drive displays having 
more than 20 characters. As many as four 1 0939’s can be daisy 
chained as shown in Figures 4 and 14 to control up to 80 
characters. 
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Each 1 0939 has its own on-chip oscillator and a clock generator 
operating at approximately 1 00 kHz. When more than one 10939 
is used in a system, the same clock must be used for all the 
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Table 3. Single Chip Command Summary 


Control Word Assignment 


Hex Code 

Function 

80-9F 

Enter Test Mode 

AO-AF 

Load Buffer Pointer 

CO-CF 

Load Digit Counter 

EO-FF 

Load Duty Cycle 


Duty Cycle Control Codes 


Hex Code 

On Cycles 

Off Cycles 

EO 

0 

32 

El 

1 

31 

E2 

2 

30 

E3 

3 

29 

E4 

4 

28 

E5 

5 

27 

E6 

6 

26 

E7 

7 

25 

E8 

8 

24 

E9 

9 

23 

EA 

10 

22 

EB 

11 

21 

EC 

12 

20 

ED 

13 

19 

EE 

14 

18 

EF 

15 

17 

FO 

16 

16 

FI 

17 

15 

F2 

18 

14 

F3 

19 

13 

F4 

20 

12 

F5 

21 

11 

F6 

22 

10 

F7 

23 

9 

F8 

24 

8 

F9 

25 

7 

FA 

26 

6 

FB 

27 

5 

FC 

28 

4 

FD 

29 

3 

FE 

30 

2 

FF 

31 

1 


Digit Counter Control Codes 


Hex Code 

Hex Digit 
Counter Value 

Number of 

Digits Controlled 

CO 

0 

16 

Cl 

1 

1 

C2 

2 

2 

C3 

3 

3 

C4 

4 

4 

C5 

5 

5 

C6 

6 

6 

C7 

7 

7 

C8 

8 

8 

C9 

9 

9 

CA 

A 

10 

CB 

B 

11 

CC 

C 

12 

CD 

D 

13 

CE 

E 

14 

CF 

F 

15 


Buffer Pointer Control Codes 


Hex Code 

Pointer Value 

Character Controlled By 

AO 

0 

AD2 

A1 

1 

AD3 

A2 

2 

AD4 

A3 

3 

AD5 

A4 

4 

AD6 

A5 

5 

AD7 

A6 

6 

AD8 

A7 

7 

AD9 

A8 

8 

AD10 

A9 

9 

AD11 

AA 

10 

ADI 2 

AB 

11 

AD13 

AC 

12 

AD14 

AD 

13 

ADI 5 

AE 

14 

ADI 6 

AF 

15 

ADI 


devices. To do this, one 10839 is designated the master by con- 
necting its MASTER pin to VDD. This activates the oscillator on 
that device and causes a three-level four-state signal to be out- 
put on the CLOCK pin. The MASTER pin on the remaining, i.e., 
slave, devices is connected to VSS. This deactivates the oscillators 
on these devices so that the master’s CLOCK output can be input 
on the slaves’ CLOCK pins. 

A two line synchronization port (SOP and SIP) ensures that only 
one 10939 device at a time drives the display. When one 10939 
outputs its last character, it emits a pulse on its SOP. The next 


10939 receives this pulse on its SIP input and starts Its display 
cycle. This sequence continues through all of the 10939’s in a 
chain. The SOP of the last 10939 is connected back to the SIP 
of the first 10939 to start another cycle. The limit to the number 
of 10939’s in the chain is determined by: 1) the load on the clock 
output of the master 10939, and 2) the display refresh require- 
ments. The synchronization signal propagates during the last 
character time of its own 10939 and thus does not require any extra 
time before the first character of the next 10939. The duty cycles 
of all the 10939’s in the chain must be the same. 
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L 

OUTPUT DATA 


SET SELECTED 
LOAD LINE(S) HIGH 


WAIT 20 nS 


SET LOAD 
LINE(S) LOW 



WAIT 40 fS 


PARALLEL INTERFACE TIMING WAVEFORMS 


I I 

— H h — 

1 ^LDSETUP ^LDHOLD | 


40/tSEC* ss Tldoff 
1 nSEC -s Tldon 

0 ^ T LDSETUP 

1 /tSEC s: Tldhold 
60 fiSEC* ^ T^Dcyc 

•FOR INDUSTRIAL RATED PARTS SUBSTITUTE 44.5 FOR 40 

66.7 FOR 60 


Figure 8. Parallel Data Transfer to 10939 
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COUNTER = 8 



D1 

(SERIAL CLOCK) - 



Tccon > I <- T. 


K-Tls-H 

“ ^ldon •■j"* Tldoff ■■ 


SET SELECTED 
LOAD LINE(S) HIGH 


WAIT 20 mS min 


SET LOAD 
LINES LOW 


2/tSEC :<Tsccyc 
1/iSEC :£Tscon ^ 
1/iSEC :^Tscoff 
1/iSEC ^Tssetup 
l/iSEC ^Tshold 
1/tSEC ^Tldon 
40/tSEC* :^TLt)opp 


WAIT 40 mS min 


•FOR INDUSTRIAL RATED PARTS SUBSTITUTE 
44.5 FOR 40 
66.7 FOR 60 


Figure 9. Serial Data Transfer to 10939 
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The data pattern 01^6 is a control prefix byte. When this byte is 
transmitted to a 10939, it indicates that the next byte is a com- 
mand. Several command types, listed in Table 4 are recognized 
by the 10939. 

One of these, the Digit Time Select, determines the amount of time 
allotted to each character during the refresh cycle. Three options 
are available. These are 16, 32 or 64 half clock cycles per 
character. A clock cycle is one cycle of the internal clock of the 
master 10939 of the system. 

The Duty Cycle Select is another command type. This determines 
the number of clock cycles a digit driver is on during its character 
time. Three half clock cycles of each character time are used as 
an inter-digit off time so the selectable duty cycle range is zero 
to digit time minus three. 

A third command type is the Digit Count Select. This determines 
the number of character positions to be controlled. Note that a 
digit count greater than the actual number of characters can be 
selected. This is a feature that can be used to extend the display 
cycle time and thus expand the range of brightness control since 
adding phantom characters causes a proportionate reduction of 
display brightness. 

The 10939 contains a 20 character data buffer which holds the 
anode data for each digit. A buffer pointer, which can be set on 
command, allows direct access to the data for each character. 

The multi-chip display controllers may be operated in three com- 
mand selectable display modes. These are the normal, inverse 
and blank modes. When the inverse mode is enabled, selected 
characters will be inverted. The anodes that would be enabled in 
normal mode are disabled and the anodes that would be disabled 
in normal mode are enabled. When the blank mode is enabled, 
selected characters will be blanked. 

The MSB of the data byte is a control bit which determines which 
characters are selected for a particular display mode. Characters 
for which this bit is a zero will be displayed in the normal mode. 

The data byte control bit also controls the cursor output. The cur- 
sor output will be enabled on all characters with the MSB equal 
to one. So when normal mode is enabled and the MSB of the data 
byte is set, the normal character will be displayed with the cursor 
on. When blank mode is enabled and the MSB equals one, the 
character will be blanked and the cursor will be on. 

Two commands remain. One is the Start Refresh Command. At 
power on, 10939s are placed in an internal halt mode. The nor- 
mal display refresh sequence starts when a master 10939 receives 
this start refresh command. 

The final command is the command to load 01 into the data buf- 
fer. This byte signifies that a command follows. When the com- 
mand is also 01 16 . it means that 01 16 is data. 

Display data and timing (Figure 10) are output to the anode 
decoder/driver via a two line serial port consisting of the SCLK-DIS 
and DATA-LOAD PINS. In order to minimize the number of package 
pins, these outputs are multiplexed, three-level, four-state drivers. 


The SCLK-DIS signal is composed of the shift clock which shifts 
new data into the anode decoder/driver and a disable signal which 
sets all of the anode drivers to the display off state. The DATA- 
LOAD signal is composed of serial 8-bit data and a load signal 
to transfer the new data from the 10938 input buffer through the 
PLA to the display driver outputs. The data is output with the most 
significant bit first. 

The anode decoder/driver devices can drive a maximum of 35 
anodes. For displays having more than 35 anodes per character, 
such as the 5x12 dot matrix example of Figure 4, two or more 
anode decoder/drivers may be connected in parallel. 

POWER-ON RESET AND INITIALIZATION 

The power-on reset (POR) input controls the initialization of the 
internal circuits of the display controllers. Chip reset is achieved 
by setting the POR input high (VSS), waiting a minimum of 100 fis 
then setting the POR input low. After another delay of at least 
100 ns, commands and data may be sent to the display controllers. 
On a cold start, POR should be held high for at least 100 fis after 
VDD stabilizes. Figure 11 contains examples of circuits that can 
be used to control this Input while Figure 12 contains cold start 
timing diagrams. 

A power-on reset establishes the following default conditions on 
the single chip display controllers: 

a. The grid drivers (ADXX) are off (floating). 

b. The anode drivers (SGX, PNT, TAIL) are off (floating). 

c. Duty cycle is set to zero. 

d. Digit Count is set to 16. 

e. The buffer pointer selects the character controlled by ADI. 

f. The display data buffer is filled with zeros. 

When performing chip initialization it is recommended that a 
sequence such as that of Figure 13 be followed. In this sequence, 
the digit count is adjusted and the display data buffer is loaded 
before the duty cycle is set. This prevents the flashing of random 
data on the display. 

A power-on reset establishes the following default conditions on 
the multi-chip display controller. 

a. The Grid Drivers (STRXX) are off. 

b. Duty Cycle is set to zero. 

c. Digit Count is set to 32. 

d. The Buffer Pointer is set to zero. 

e. Digit Time is set to 64 cycles per character. 

f. Normal display mode is selected. 

g. The DATA-LOAD output is set to the high impedance state. 

h. SCLK-DIS is set to Vol to disable the anode drivers. 

When the POR signal is removed, SCLK-DIS is set to the high 
impedance state. 

i. SOP is set to Vol to disable the synchronization pulse. 

]. The 10939(s) Is (are) placed in an internal halt mode. This 
allows the host system to load the control registers and the data 
buffer without flashing “garbage” on the display. The normal 
display refresh sequence is started upon receipt of a START 
REFRESH control code. Only the master 10939 in a multi-chip 
system will recognize the START REFRESH code. The slave(s) 
will be started by the master at the appropriate time, using the 
SOP signal. 
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Table 4. Multi-Chip Command Summary 


Control Word Assignments 


Hex Code 

Function 

01 

Load 01 into Data Buffer 

05 

Set digit time to 16 cycles per grid 

06 

Set digit time to 32 cycles per grid 

07 

Set digit time to 64 cycles per grid 

08 

Enable Normal Display Mode (MSB in data words 
is ignored) 

09 

Enable Blank Mode (data words with MSB = 1 will 
be blanked) 

OA 

Enable Inverse Mode (data words with MSB = 1 
will be “inversed”) 

OE 

Start Display Refresh Cycle (use only once after 
reset) 

40-7F 

Load Duty Cycle Register with lower 6 bits (0-63) 

80-9F 

Load Digit Counter (80 = 32, 81 = 1, 82 = 2, etc.) 

CO-DF 

Load Buffer Pointer Register with lower 5 bits 


Duty Cycle Control Codes 



Digit Counter Control Codes 


Hex Code 

Digit Counter Value 

No. of Grids Controlled 

80 

00 

32 

81 

01 

1 

82 

02 

2 

83 

03 

3 

84 

04 

4 

85 

05 

5 

86 

06 

6 

87 

07 

7 

88 

08 

8 

89 

09 

9 

8A 

OA 

10 

8B 

OB 

11 

8C 

OC 

12 

8D 

OD 

13 

8E 

OE 

14 

8F 

OF 

15 

90 

10 

16 

91 

11 

17 

92 

12 

18 

93 

13 

19 

94 

14 

20 

95 

15 

21 

96 

16 

22 

97 

17 

23 

98 

18 

24 

99 

19 

25 

9A 

1A 

26 

9B 

IB 

27 

9C 

1C 

28 

9D 

ID 

29 

9E 

IE 

30 

9F 

IF 

31 


Buffer Pointer Control Codes 


Hex Code 

Pointer Value 

Character Controlled By 

CO 

00 

STROO 

Cl 

01 

STR01 

C2 

02 

STR02 

C3 

03 

STR03 

C4 

04 

STR04 

C5 

05 

STR05 

C6 

06 

STR06 

C7 

07 

STR07 

C8 

08 

STR08 

C9 

09 

STR09 

CA 

OA 

STR10 

CB 

OB 

STR11 

CC 

OC 

STR12 

CD 

OD 

STR13 

CE 

OE 

STR14 

CF 

OF 

STR15 

DO 

10 

STR16 

D1 

11 

SIR 17 

D2 

12 

STR18 

D3 

13 

STR19 
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SCLK-DIS 


DATA-LOAD 


SGXX 

STRXX 

CURSOR 


1 2 3 4 5 6 7 8 



SHIFT PULSES ARE MARKED 1 THROUGH 8. DATA IS LATCHED ON THE POSITIVE TRANSITION OF SCLK-DIS. 

IF THE DATA INPUT DURING CLOCK PULSE 1 IS A LOGIC 1, THE SEGMENT OUTPUTS ARE COMPLEMENTED 
TO PROVIDE AN INVERSE CHARACTER. THE MOST SIGNIFICANT BIT OF THE CHARACTER CODE IS INPUT 
DURING CLOCK PULSE-2 AND THE LEAST SIGNIFICANT BIT DURING CLOCK PULSE 8. 

THE DRIVERS ARE DISABLED AFTER THE NEGATIVE TRANSITION (Vih to Vil) OF THE DISABLE PULSE (CLOCK 
PULSE 5 IN THE EXAMPLE). THE DRIVERS CHANGE TO THEIR NEW VALUES AFTER THE POSITVE TRANSITION 
OF THE LOAD PULSE (MARKED 9). 


Figure 10. Data Transfer from Grid Driver to Anode Driver 
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3 - KEEP VGG MORE POSITIVE THAN VDD UNTIL 
VDD = VSS - 10V 


Figure 12. Power On/Reset Timing 
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Figure 13. Single Chip Display Controller Initialization 


Figure 14 is an example of an initialization sequence for the multi- 
chip display controller. In systems using parallel data loading, one 
or more of data lines D2 through D7 should be toggled before 
sending data to the 10939. Digit time should be set before the duty 
cycle Is selected. To prevent the flashing of random data on the 
display, 1he display data buffer should be loaded before the start 
refresh cycle command is given. 


Intelligent Display Controllers 



Figure 14. Multi-Chip Display Controller Initialization 
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DISPLAY INTERFACE OF SINGLE CHIP 
DISPLAY CONTROLLER 

The single chip display controllers can drive up to 16 digits and 
18 segments. These are open drain drivers so external pull down 
resistors must be supplied. The total capacitance on an output 
and the display duty cycle determine the resistor values to use. 
To prevent ghosting, the RC time constant of an output must be 
less than the interdigit off time. However, the resistor value should 
be as large as possible to maximize the portion of the driver cur- 
rent going to the display. Thus R <Toff/Ceff, where Toff is the inter- 
digit off time and Cgff is the total capacitance on the driver. For 
VF displays, this value is usually between 30 kO and 50 kfi. 


Intelligent Display Controllers 


Each segment driver can source up to 10 mA and each digit driver 
can source up to 20 mA. Operating the chips beyond these limits 
can reduce chip life time. Both 40 and 50 volt versions of the single 
chip display controller are available as standard products. 

Two PLA patterns are offered as standard products. One of them, 
part number 10937, displays 16 segment upper case ASCII 
characters plus decimal and tail. It can also be used for 
14 segment ASCII and 7 segment numeric displays. The 14 and 
16 segment driver assignments and character patterns are listed 
in Tables 5 and 6. Part number 10951 generates 7 segment 
numeric and 16 segment bargraph codes. Tables 7 and 8 contain 
the segment assignments and patterns generated by this device. 


Table 5. 16 Segment PLA Patterns 



6-39 




Character 














Application Note 


Inteliigent Dispiay Controliers 





Application Note 


Intelligent Display Controllers 










Application Note 


Intelligent Display Controllers 


A modified version of the 10937, part number 10957, offers 
expanded decimal and comma control. To provide this, two of the 
10937 data codes have been redefined. Table 9 lists the unique 
10957 codes and compares the 10957 with the 10937. 

The single chip display controllers were not designed for paral- 
leled or cascaded operation. The multi-chip display controller 
should be used for displays having more than 16 digits or more 
than 18 segments per character. 


Table 9. Comparison of 10957 with 10937 


Input 

Data 

10937 

Character 

10957 

Character 

2C 

j 

j 

2E 

• 


6C 

I 

j 

6E 

• 



DISPLAY INTERFACE OF MULTI-CHIP 
DISPLAY CONTROLLERS 

Multi-chip display controllers are constructed from various combi- 
nations of anode decoder/drivers and grid controller/drivers. 

The anode decoder/drivers can each drive a maximum of 35 dots 
or segments. Each driver can carry a 2 mA load and no external 
pull downs are required. The devices may be driven in parallel to 
generate patterns of more than 35 dots. An example of this is the 
5 x12 dot matrix block diagram of Figure 4. 

Display data codes and timing information are sent from a 10939 
or other source to the anode decoder/drivers serially on the DATA- 
LOAD and SCLK-DIS lines. An on-board 128 character PLA 
decodes the data bytes to determine which drivers to enable. 
Standard PLA patterns are available for three character fonts. The 
10938, listed in Table 10, generates 5 x 7 dot matrix patterns. The 
10941, listed in Tables 11 and 12, generates 16 segment and bar- 
graph patterns. It also features separate decimal and comma 
drivers. This PLA may also be used for 14 segment and 7 segment 
displays. The 10942 and 10943 are combined to produce the 
5 X 12 dot matrix patterns shown in Table 13. 

Each grid controller/driver, i.e. 10939, can drive 20 digits and a cur- 
sor. These are push-pull drivers which can source 10 mA each. 
The 10939s may be cascaded, as shown in Figure 4, to drive 
displays of more than 20 characters. They may be connected in 
parallel, as shown in Figure 15, to drive multi-line displays hav- 
ing shared grids. In this configuration, the grid drivers may be 
wired ORed if additional grid current is required. However, when 
this is done, diodes and pull down resistors must be used as they 
are used with the cursor outputs. Alternatively, external drivers 
may be added. The total number of 10939s that may be connected 
together is limited by the duty cycle requirements of the display 
and the load on the master 10939 clock output. Typically, this limit 
is four 10939s but more may be added if the clock output load is 
kept below 50 pF. 


In addition to the grid drivers, each 10939 contains a cursor out- 
put to drive the cursor segment present on some displays. This 
output is activated when the MSB of the data byte for a particular 
digit is a one. 

USE OF EXTERNAL DRIVERS WITH INTELLIGENT 
DISPLAY CONTROLLERS 

If external drivers are added, the devices of the Intelligent Display 
Controller product line can be used to control displays which 
operate beyond the range of the display controllers’ internal 
drivers. This applies to LED, Gas Discharge and certain VF 
displays. 

An example of this is shown in Figure 16. Here the 10941/10939 
chip set is used to control a 16 segment LED display. The display 
consists of two Hewlett Packard HDSP-6508s. These are 
16 segment GaAsP red LEDs. They are common cathode con- 
figured and mounted in an 8-character package. The 10939 strobe 
outputs are connected to 600 mA inverting drivers which control 
the cathodes. The 10941 segment outputs are connected to 
500 mA sourcing drivers which control the anodes. A 47Q current 
limiting resistor is also supplied to each anode. 

DISPLAY CONTROL TECHNIQUES 

DIGIT STROBING 

The display controller strobe lines are activated sequentially start- 
ing with STROO (ADI on single chip controllers) and ending with 
the highest strobe enabled by the character count select com- 
mands. After the last strobe in the chain has completed its cycle, 
the process repeats. The strobe drivers may be connected to 
strobe a display from right to left, or from left to right, depending 
on the system requirements. In most cases this will be determined 
by board layout or software constraints. 

BRIGHTNESS CONTROL 

In certain applications, particularly in situations where the envi- 
ronmental light level varies, the display brightness must be varied 
from time to time. This can be done by varying the duty cycle and 
by adding and deleting fictitious digits. 

For example, suppose a 10937 is used to control a 7-digit alpha- 
numeric display. Assume that the maximum progammable duty 
cycle, i.e. each strobe ON 31 clock cycles, is used when ambient 
light levels are high. Then the display brightness can be 
decreased by decreasing the duty cycle. Display dimming from 
maximum to minimum brightness will be achieved in 31 steps with 
a 3.22 percent decrease from full brightness at each step. 

At lower light levels it may be desirable to decrease the display 
brightness in smaller steps. This can be done by using fictitious 
digits. In this example, after the display has been dimmed to 
approximately 20 percent of full brightness, i.e. duty cycle value 
as been decreased from 31 to 7, the character count is increased 
from 7 to 16. At the same time, the duty cycle number Is changed 
from 7 to 14. Display dimming then proceeds by successively 
reducing the duty cycle. However, now the brightness is reduced 
about 1.4 percent with each step. 
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Table 12. 16 Segment Bargraph Patterns 
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Table 13. 5 x 12 Dot Matrix PLA Patterns 
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Figure 16. Driving an LED Dispiay with a 10941 and a 10939 
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DISPLAY BLANKING 

The intelligent display controllers may use several methods to 
blank displays. One method is to load the display buffer with 
blanks. A second method is to set the duty cycle to zero. 

A third method of display blanking is available on multi-chip 
display controllers. This is the use of blank mode. When this mode 
is to be used, the display data buffer is loaded with data having 
the most significant bit set to a one. Then the display is blanked 
by enabling the blank mode. This feature is especially useful when 
only selected characters are to be blanked. 


POWER REQUIREMENTS 


INTRODUCTION 

This section discusses some of the factors involved In determin- 
ing power requirements of typical vacuum fluorescent display 
systems. It discusses the display tube construction and operation, 
the controller types and power requirements, and the factors which 
affect power dissipation. Examples of power calculations are given 
for several display configurations. 


DISPLAY TUBE OPERATION 

To be able to determine the power requirements for a display 
system it would be helpful to have a basic understanding of how 
a vacuum fluorescent tube is constructed and operates. 


Construction 

The vacuum fluorescent display tube contains three basic 
elements in an evacuated tube. These are the filament cathode, 
control grid and anode. The directly heated cathode, nearest the 
glass viewing surface, is a metal filament covered with an oxide 
coating and is thin enough not to cause viewing interference. The 
control grid is a wire mesh also thin enough not to cause viewing 
interference. The anodes are formed of a fluorescent material 
coating on insulating bases to form alpha-numeric, bargraph or 
dot matrix segments. 


Operation 

Thermionic emission by the cathode results at the relatively low 
temperatures of 650°C to 700°C. When positive voltages (with 
respect to the cathode) are applied to the grid (Ec) and anode (Eb), 
the electrons are accelerated toward them. The fine mesh con- 
struction of the grid allows most of the electrons to pass through 
it to the phosphor on the positive anodes. The collision of elec- 
trons on the phosphor causes light to be emitted in the blue-green 
spectrum. 


When no voltage is applied to the grid (same potential as the 
cathode) some of the electrons still get through to the positive 
anode. To cut off all electron flow to the anode, a negative voltage 


with respect to the cathode is applied to the grid. This is called 
the grid cutoff voltage (Ecco). When the anode voltage is open 
or lower than the cathode voltage almost no electrons reach the 
phosphor and those few that do have insufficient energy to cause 
light emission. This is known as the plate (anode) cutoff voltage 
(Ebco). The negative potential cutoff voltages are normally both 
the same level and are generated by providing a positive cathode 
bias (EK). 

The basic principle of operation is shown in Figure 17. Three 
anode segments are shown in the vacuum tube. If anode voltage 
Eb is applied through switches Si and S 3 with S 2 open, for 
example, currents lal and Ia3 flow to their respective anodes to 
cause light emission. 

By increasing the number of anode segments to seven and 
arranging them to form numerals, digits from 0 to 9 can be Indi- 
cated. More anode segments are added to provide the popular 
14 or 16 segment alpha-numeric characters. Dot matrix configura- 
tions lend themselves to more versatile character generation and 
are generally a matrix of 5 x 7 dots (35 anodes) or 5 x 12 dots 
(60 anodes) as shown in Figure 18. 

Providing the same pattern of anodes (character) behind multiple 
grids and time multiplexing the “ON” signal to each grid allows 
multi-character displays to be constructed in a single tube as 
shown in Figure 19. As each grid in a multi-character display tube 
is turned on (positive pulse applied) the appropriate anodes are 
also driven positive to form the desired character at that position. 


Electrical Considerations 

A major feature of any display device is the readability of the 
characters and this relates directly to luminance or brightness of 
the device. Luminance is affected by factors such as filament, grid 
and anode voltages, as well as duty cycle, phosphor response and 
temperature. 

The filament voltage (Ef) Is selected carefully to produce a fila- 
ment temperature near 700°C. Thermionic emission increases 
rapidly with filament temperature up to about 600°C where it levels 
off. The filament voltage is selected by the tube manufacturer to 
work in this saturation region of about 650°C to 700°C. If the fila- 
ment temperature is too high (high Ef), the overheating causes 
a brightness slump due to evaporation of the oxide. A too low fila- 
ment temperature operates on the steep part of the emission curve 
and brightness variation becomes large and unstable with slight 
voltage variations. The filament voltage should not be used to vary 
luminance. 

Another factor of filament voltage affects the brightness in multi- 
character displays. Using dc voltage for the filament produces a 
linearly distributed bias voltage across the filament element 
resulting in a non-uniform display brightness. The filament voltage 
is specified therefore by the manufacturer as ac; either 60 Hz or 
a higher frequency pulse from a dc-to-ac converter. The filament 
bias voltage is normally applied to the center tap of the filament 
transformer as discussed later. 
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Brightness is also affected by the level of the grid and anode 
voltage (currents). To obtain an acceptable brightness level using 
a dc voltage on the grid or anode takes far less voltage than when 
the element is pulsed as shown in the graph of Figure 20. However, 
by multiplexing this pulse to many characters (grids) a large power 
savings is realized. The relationship of luminance to grid and 
anode voltage is given by the expression: 

L = K . (ebc)« . (Ij 

where: L = Luminance 

K = a constant depending on tube type 
ebc = grid and anode voltage, where eb = ec 
tp/Tr = pulse duty cycle 

From the above equation it can be seen that the duty cycle of the 
pulse has a bearing on the brightness of the display. When a pulse 
voltage is applied to the device a time lag is seen between the 
pulse application and the brightness response of the fluorescent 
material due to the internal impedance of the tube itself. Figure 21 
indicates that this time lag is about 8 /iS in both rise time and fall 
time. It Is recommended by display manufacturers that blanking 
(no positive voltage to any grid) of about 20 ^lS be provided 



NOTE: 

Eb: ANODE VOLTAGE 
Ec: GRID VOLTAGE 

Br-V: VISUAL SENSIBILITY CORRECTED BRIGHTNESS (FL) 
DUTY FACTOR (D,F.): 1/16 


Figure 20. Anode Grid Voltage— Brightness 
Characteristics (DC and Pulse) 
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Figure 21. Pulse Response of Phosphor 


between the multiplexed digit pulses to assure that the response 
time lag and extraneous noise does not cause undesirable 
character illumination. Note that brightness will be constant when 
duty factor is constant regardless of pulse width except that 
brightness will deteriorate when the pulse width nears 8 /xs or less. 
Figure 22 shows the relationship of adjacent multiplexed grid 
pulses with the blanking separation. 

Because the fluorescent material has semiconductor properties 
the luminance is also affected by ambient temperature as shown 
in Figure 23. Most display tube manufacturers recommend opera- 
tion between -10°C to +55°C. 


Controller Power Requirements 

As shown previously, the Rockwell display controllers are of three 
types: grid/anode controllers with open drain drivers, and grid con- 
trollers and anode controllers with push-pull drivers. The power 
requirements for these controllers will be covered in this section. 
The factors which affect the power dissipation will also be dis- 
cussed: these include voltage variations, temperature affects, and 
the display load requirements such as tube type and characters 
being driven. 


T, = 25®C 



AMBIENT TEMPERATURE (®C) 


Figure 23. Ambient Temperature Effect 
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Figure 22. Relationship of Adjacent Multiplexed Grid Pulses with Blanking Separation 
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Device Power Requirements 

Figure 24 shows the three basic types of Rockwell display con- 
troller devices. They have open-drain or push-pull drivers which 
are shown schematically in Figure 25. 

Vdd power is used in all three device types for the logic section. 
Worst case dissipation is at Vdd max (-16.5 Vdc for the open-drain 
device and -22 Vdc for the push-pull devices) and at the lowest 
temperature (0°C for the commercial range and -40°C for the 
industrial range). Idd varies as a function of applied voltage and 
temperature. 

Vgg power is dissipated in the push-pull driver devices when an 
output grid or anode driver is ON (pulled to Vss). Most of the dis- 
sipation is in the logic pre-drivers but a small amount is also used 
in the driver itself. At worst case, with Vgg at -50 Vdc and a tem- 
perature of -40°C, the maximum drain for each ON grid driver 
is 25 mW or 0.5 mA/driver. As an example, since only one grid 
driver and the cursor driver can be ON at the same time, the max- 
imum Igg load of the 10939 device is 1.0 mA. The maximum drain 
for each ON anode driver is 16 mW or .32 mA per driver, so the 
maximum Igg load of the anode controller with all 35 anode drivers 
ON would be 11.2 mA. Igg varies not only as a function of the num- 
ber of drivers ON, but also as a function of applied voltage and 
temperature. 


Effects of Voltage Variations 

The effects of supply voltage variations on current drains are 
shown in Figure 26. As Vdd supply voltage increases the current 
also increases at rates from approximately 0.015 mAA/dc to almost 
0.06 mAA/dc depending on device type. Igg also increases as Vgg 
increases for the push-pull driver devices as shown for the 1094X 
anode driver devices. 

Effects of Temperature Variation 

As previously stated, the worst case supply current is at the lowest 
temperature extremes. The power dissipation in the controller 
device for both Vdd and Vgg generally follow the curve shown in 
Figure 27. The curve is defined by the equation below and is nor- 
malized to -h25°C: 


j<i = /xr 

Ko' iToj 


Where K' 
Ko' 
T 
To 
m 


K factor at new temperature, T 
K factor at To (25°C) 

New temperature, in Kelvin 

Initial temperature (25°C = 298°K) 

Exponent, dependent on device materials 


Display Load Variations 

Current is drawn from the Vgg supply due to the display grid or 
anode load itself. This load is a function of the display tube and 
may be any load up to the maximum allowed by the device driver. 
lioad (max) for the grid, cursor, point and tail drivers is 20 mA for 
the single chip controllers and 10 mA for the grid controller drivers. 
The maximum load on the segment drivers of the single chip con- 
trollers is 10 mA and the maximum load of the anode drivers is 


2 mA each. Each tube type is different and actual current require- 
ments must be taken from the manufacturers display tube 
specifications. This power is dissipated in the display tube rather 
than in the controller device and is also dependent on the number 
of grids or anodes that are driven ON. 


Character Load Variations 

The total device power required is dependent on the number of 
grids or anodes being driven ON at any particular moment. The 
grids are driven ON sequentially in a multiplexed fashion so that 
only one grid is ever enabled at any time. The anodes are driven 
individually to form different characters in both the segmented and 
dot matrix displays. The anode driver devices are designed with 
up to 35 output drivers available as shown in Table 14. However, 
not every driver is used to form characters in each application. 

Table 14 shows the dot patterns of the 128 character font for the 
10938 anode driver device. Except for the inverse mode in which 
all the dot patterns are reversed, and character 7F which has all 
anodes ON; the worst case dot pattern is letter “B” which has 
20 anodes ON. If, for example, a particular application requires 
only alpha-numeric characters displayed, the peak drive current 
required for the load would be only 57 percent of the worst case 
load. With a display tube requiring a maximum load of 2 mA 
for each dot anode, the total Igg current required would 
be (35 X 2 mA X 0.57) 39.9 mA for the display tube and 
(35 X 0.32 mA x 0.57) 6.4 mA for the 10938 drivers. The average 
current would be (35 x 2 mA x 0.384)27 mA for the display tube 
and (35 x 0.32 x 0.384) 4.3 mA for the 10938 drivers. Note, 
however, that the actual predominance or frequency of use of each 
character has to be considered to obtain a realistic average cur- 
rent over a given time period. Table 15 lists the average ratios of 
anodes ON per total anodes for the various anode driver devices. 


DISPLAY SYSTEM POWER CONSIDERATIONS 

The controller device power is not the only power that has to be 
considered in deriving display system power requirements. Also 
to be considered are the power for the host microprocessor and 
the display tube load. 


Typical Power Flow 

The microprocessor is normally a bipolar or MOS device requir- 
ing +5 vdc for its power source. In such a display system the Vss 
return for the control devices is returned to the +5 vdc Vcc as 
shown in Figure 28. Vdd is a negative supply, referenced to Vss, 
to supply the logic sections of the controller device. Vgg is a 
negative voltage to supply anode and grid current through the con- 
troller output sv;itches to the display tube. Ek is a positive level 
voltage referenced to Vgg for cathode bias (to the center tap of 
the filament transformer). The filament voltage is an ac 60 cycle 
voltage supplied through a step down transformer or a dc-dc con- 
verter output which supplies a chopped high frequency square 
wave. 
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Figure 25. Controller Drive Circuits 



Figure 26. Effects of Voltage Variation, Aidd/AVdd (at 25®C) 
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Table 14. 10938 Dot Patterns 



Character(s) 

# 

Anodes 

ON 

% 

Anodes 

ON 

1 Letter "B” 

20.0 

57.1 

2 Avg of all Numeric 

14.1 

40.0 

3 Avg of all Alpha 
Caps 

14.9 

42.6 

4 Avg of all Alpha 
Lowercase 

11.7 

33.4 

5 Avg of items 

2&3 

14.7 

41.9 

6 Avg of items 2 
thru 4 

13.4 

38.4 

7 Avg of all 
characters 

12.4 

35.4 
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Table 15. Character Anodes ON Summary 


Character(s) Display Type 

% Anodes On | 

10937, 10957 

10938 

10941“ 

10942/43 

• Total Anodes 

16 

35 

16 


• Worst Case Digit(s)* 

$,%,0 

B 

$,%,0,8 


Anodes ON 

10 

20 

10 


% Anodes ON 

63.0 

57.1 

62.5 


• Numeric (Avg, %) 

46.0 

40.0 

46.3 


• Alpha all caps (Avg, %) 

39.0 

42.6 

38.9 


• Alpha lower case (Avg, %) 

- 

33.4 

- 


• Alpha Caps — Numeric (Avg, %) 

41.0 

41.9 

41.0 


• Alpha — Numeric (Avg, %) 

41.0 

38.4 

41.0 


• All Characters (Avg, %) 

24 

35.4 

37.0 


‘Excluding inverse and all dots ON pattern. 

** Excluding bargraph 



Vcc Icc = ICC (HOST) 

Vdd Idd = Idd G(M) + Idd G(S) + Idd A 

Vgg Igg = Igg G(M) + Igg G(S) + Igg A + Ibc 


Figure 28. Typical Display System Power Flow 
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Example 1: 20-Character Display 

Figure 29 shows a 5 x 7 dot matrix 20-character display tube 
being driven by a 10938 anode driver and a 10939 grid driver and 
controlled by an R6500/1 microprocessor. Five voltage levels are 
required including the ac filament voltage of 6 Vac @ 23 mA 
typically. 


The other voltages are: 

Vcc of +5 Vdc referenced to Gnd for the microprocessor 
Vdd of -20 Vdc referenced to Vss for the driver devices 
Vgg of -33 Vdc referenced to Vss for the driver devices 
Ek of +6 Vdc referenced to Vgg for the display tube cathode 


As discussed before, Vgg is determined by the sum of eb/ec and 
Ek. Ek bias above Vgg is normally provided by a zener diode 
reference. The ac filament voltage, Ek and eb/ec are specified by 
the display tube manufacturer. 

The Vcc current requirement is typically 100 mA at +25°C. The 
Vdd current requirements from Figure 24 are 6 mA for the 10939 
grid driver and 3.2 mA for the 10938 anode driver. Vgg current from 
Figure 24 is .25 mA for the 10939 and 8 mA for the 10938, 
however, this is at a Vgg of -50 Vdc. At -33 Vdc the 10938 cur- 
rent reduces at a rate of 0.15 mA/Vdc for a total of [8-(0.15)(17)] 
5.5 mA. Other Igg components from the display tube 
characteristics include the anode drive of 2.7 mA/all dots ON, and 
the grid drive of 2.9 mA. This total Igg current of 11.3 mA is 
representative of all 35 dots on continuously. 
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For display operation of alphanumerics only, with an average of 
38.4 percent of the dots ON as shown in Table 15, anode drive 
currents reduce to a total Igg of 6.3 mA. Peak Igg for the letter 
“B” increases anode drive current to 57 percent of all dots for 
a total of 7.7 mA. 

Worst case power dissipation is also shown in Figure 29. This is 
at maximum voltage excursions and a temperature of -40°C. 
(Keep in mind, however, that most VF display tubes are recom- 
mended for operation down to only about - 1 0°C to - 20°C.) Idd 
at -22 Vdc increases by 0.03 mA for the 10938 (as shown in 
Figure 24) to 3.23 mA. Figure 27 shows that a factor of 1 .38 is 
used to determine Idd or Igg at - 40®C so that the total Idd 
becomes (3.23 * 1.38) 4.5 mA. Igg for the 10938 becomes 
[(5.5 mA + 0.15 mA/Vdc * 3 Vdc) 1.38] 8.2 mA. The same 
procedure is used to determine the grid driver current require- 
ments. Igg is assumed to increase by 50 percent worst case. The 
tube currents ib and ic are assumed to increase by 20 percent 
as temperature decreases from + 25°C to - 20°C and voltage 
increases to maximum which is worst case for VF display tubes. 

Note in these examples that the cursor drive requirements for the 
10939 and display tube have not been included and would have 
to be added to the totals when used. 

Example 2: 40-Character Display 

Figure 30 shows how the 1 0939 controller devices are cascaded 
to control the 40-character display tube. The 10942/43 devices 
are used in parallel to provide an expanded font capability for a 
5 X 12 dot matrix. 

The current requirements for this system are determined in the 
same way as in Example 1 . Note that when two 10939s are used, 
the logic current (Idd) is the sum of a master and one slave but 
the grid drive current (Igg) remains the same. This is because in 
a master-slave configuration only one grid is enabled at any given 
moment giving a constant Igg and ic load of a single grid. 

For this example Vgg is -50 Vdc (eb/ec of 41 Vdc and Ek of 
9 Vdc) for an Igg of .25 mA for the grid drivers. However, only 23 
of the 35 drivers are used in the anode driver bringing the total 
to 5.25 mA/device. For totally alphanumeric applications the 
anode currents reduce to 30 percent of all dots ON and the peak 
currents for letter “B” reduce to 43.5 percent of full ON. 

The worst case power dissipation at voltage and temperature 
extremes are calculated in the same way as in Example 1 . 


Example 3: Two-line by 40-Character Display 

Figure 31 is an example of a more advanced display system. The 
major difference between this example and Example 2 is that two 
grids are enabled at the same time (one in each line) and there- 
fore the grid drive current and Ic are doubled. 

Power Source 

The power source for the display systems can be derived from 
standard power supplies, custom designs, or DC-DC converters. 

Four separate standard supplies could be used to furnish the four 
dc voltages required for Example 1 as shown in Figure 32. This 
is expensive, however, and the proper voltage levels are not really 
“standard” In most cases, and therefore not readily available. 
Tracking of the power supplies upon power turn-on and turn-off 
could also be a problem. The structure of the PMOS display driver 
devices is such that Vgg should not be more negative than Vdd 
unless Vdd is at -10 Vdc or greater; otherwise, damage to the out- 
put drivers Is possible. If the 40 Vdc Vgg supply has much faster 
response than the 20 Vdc Vdd supply in Figure 32, this problem 
could exist. 

Figure 33 shows how the voltages could be derived using only two 
standard supplies and zener diodes for the other levels. Using a 
zener diode to generate Vdd from the Vgg supply level assures 
that the Vdd and Vgg levels “track” all the way to Vdd. This is also 
shown in Figure 33. Another zener is used to generate the Ek bias 
voltage above Vgg for the filament transformer center tap. 

DC-DC converters are also available that have been designed 
specifically to provide the power requirements for particular 
display tube types available In the marketplace. As shown in 
Figure 34, these converters normally oscillate the low voltage dc 
input through a step-up transformer and then rectify and filter the 
high frequency square wave to provide the desired output voltage. 
A dc feedback is applied to the Input oscillator transistor to adjust 
the oscillation duty cycle and thus provide a constant voltage out- 
put. To provide multiple dc output levels (such as for Vdd and Vgg) 
multi-turn secondary transformer taps and rectifier filter sections 
are included in the design. See Reference 3 for addresses of DC- 
DC converter vendors. 

FOOTPRINTS 

Figure 35 contains the pin configurations of all the products of the 
Intelligent Display Controller family. 
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eb/ec = 42 VDC 

Ek =8 VDC 

ib/ALL DOTS = 7.5 to 15 mA 
ic/DIGIT =15 to 25 mA 

Ef = 9 VAC AT 15 mA 


(SEE FIGURE 15 FOR TYPICAL INTERCONNECTIONS.) 



(4) 10939 

GRID DRIVE 

(2) 10938 
ANODE DRIVE 

DISPLAY TUBE 

TOTAL 


ib 

ic 

(mA) 

AT 25“^ TYPICAL 
• Idd (AT -20 VDC) 

M (3)S 

6.0 12.0 

6.4 



22.4 

• Igg (AT -50 VDC) 

ALL DOTS “ON” 

0.5 

16.0 

15.0 

30.0 

61.5 

ALPHA NUMERIC ONLY 

0.5 

6.2 

5.8 

30.0 

42.5 

PEAK, LETTER “B” 

0.5 

9.2 

8.6 

30.0 

48.3 

AT -40‘’C W.C. 

• Idd (AT -22 VDC) 

13.6 27.3 

9.0 

— 

— 

49.9 

• Igg (AT -55 VDC) 

ALL DOTS “ON” 

1.0 

22.4 

18.0 

36.0 

77.4 


TULLUPS REQUIRED ON 
ALL INPUTS FROM 
TTL SOURCES 


Figure 31. Advanced Display System Example 
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Figure 32. Standard Power Supply Source 
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Figure 34. DC-DC Converter Power Source 
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10939 
Grid Driver 

Multi-Chip Display Controller 


10937, 10951 and 10957 
Single Chip Display Controller 


Figure 35. Pin Configurations of Intelligent Display Controllers 
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Application Note 


Intelligent Display Controllers 


REFERENCES 


3. DC-DC Converters 


1. Application Notes 

• A Dot Matrix Controller System Design using the 
10938/10939 Display Drivers and R6500/1EB Micro- 
computer,” Rockwell International, APR Note Order 
No. 2163, RO. Box C, Newport Beach, CA 92660. 

• ‘‘Vacuum Fluorescent Display,” Application Notes AP-01 
through AP-05. Noritake Electronics (See Reference 2.) 

2. Vacuum Fluorescent Display Tubes 

• Futaba Corporation 
555 West Victoria Street 
Compton, CA 90220 
(213) 537-9610 

142 Crossen 

Elk Grove Village, IL 60007 
(312) 364-7204 

• Noritake Electronics, Inc. 

22410 Hawthorne Boulevard, Suite #6 

Torrance, CA 90505 

(213) 373-6704 

1822 Brummel Drive 

Elk Grove Village, IL 60007 

(312) 439-9020 


• FUJI Electrochemical Co., Ltd. 
16921 South Western Avenue 
Gardena, CA 90247 

(213) 323-1134 

• TDK Corp. of America 
3102 Kashiwa Street 
Torrance, CA 90505 
(213) 539-6631 

4711 West Golf Road, Suite 300 
Skokie, IL 60076 
(312) 679-8200 
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ROCKWELL SEMICONDUCTOR PRODUCTS SALES OFFICES 


REGIONAL SALES OFFICES/ROCKWELL SEMICONDUCTOR PRODUCTS 


HEADQUARTERS 

0104 

Semiconductor Products Division 

Rockwell International 

431 1 Jamboree Road 

P.O. Box C, MS 501-300 

Newport Beach, California 92660-3095 

(714) 833-4700 

TWX: 910591-1698 


UNITED STATES/CANADA 

0105 

Semiconductor Products' Division 

Rockwell International 

431 1 Jamboree Road 

Newport Beach, California 92660-3095 

(714) 833-4655 

TWX: 910 591-1698 

0106 

Semiconductor Products Division 
Rockwell International 
3375 Scott Blvd., Suite 41 0 
Santa Clara, California 95054 
(408) 980-1900 
TWX: 650 260-6750 
FAX: (408) 980-0744 

0109 

Semiconductor Products Division 
Rockwell International 
3081 Holcomb Bridge Rd., Suite A 
Norcross, Georgia 30071 
(404) 446-7414 
FAX: (404) 446-7598 

0101 

Semiconductor Products Division 

Rockwell International 

2001 N.CollinsBIvd., Suite 103 

Richardson, Texas 75080 

(214) 996-6500 

TLX: 650 227-9516 

FAX: (214) 996-7812 


0102 

Semiconductor Products Division 
Rockwell International 
1 0700 West Higgins Rd. 

Suite 102 

Rosemont, Illinois 60018 
(312) 297-8862 
FAX: (312) 297-3230 

0103 

Semiconductor Products Division 
Rockwell International 
5001 B Greentree 
Executive Campus, Rt. 73 
Marlton, New Jersey 08053 
(609) 596-0090 
MCI: 6502229511 
FAX: (609) 596-5681 

0107 

Semiconductor Products Division 
Rockwell International 
2 Burlington Woods Drive 
Burlington, Massachusetts 01803 
(617) 272-5645 
MCI: 6502512464 
FAX: (617) 273-2399 

0111 

Semiconductor Products Division 
55 Town Center Court 
Suite 700 

Scarborough, Ontario 
Canada Ml P 4X4 
(416) 296-1644/1645 
TLX: 06525235 
FAX: (416) 296-1259 


FAR EAST 

0240 

Semiconductor Products Division 
Rockwell International 
Overseas Corp. 

Dai-ichi Hirakawa-cho Bldg. 

7-6, 2-chome, Hirakawa-cho 

Chiyoda-ku, Tokyo 1 02, Japan 

(81-3)265-8808 

TLX: J22198 

FAX: (81-3) 263-0639 

0263 

Rockwell International Ltd. 

904 World Wide House 
1 9 Des Voeux Road Central 
Hong Kong 
(852-5) 246-033 
TLX: HX74071 

EUROPE 

0201 

Semiconductor Products Division 
Rockwell International GmbH 
Fraunhoferstrasse 1 1 
D-8033 Munchen-Martinsried 
West Germany 
(49-89) 857-6016 
TLX: 521 -2650 rimd d 
FAX: (089) 8.57.57.93 

0202 

Semiconductor Products Division 
Rockwell International Limited 
Central House 
3, Lampton Road 
Hounslow, Middlesex, 

TW3 1 HY England 
(44-1)577-2800 -or- 
(44-1)577-1034 
TLX: 265871 - 

MONREFG REF. DUC001 


0210 

Semiconductor Products Div. GmbH 
Rockwell International 
Isafjordsgatan 1 1 
163 40 Spanga 
Sweden 

(46-8)751-5000 
TLX: 122442 

0246 

Semiconductor Products 
Rockwell-Collins Italiana S.P.A. 

Via Boccaccio, 23 
20123 Milano, Italy 
FAX: (39-2) 498-1 450 
TLX: 316562 RCIMIL 1 

0278 

Semiconductor Products Division 
Rockwell International 
Immeuble Bureaux Evry 2 
523, Place des Terrasses 
91034 Evry Cedex, France 
(33-16) 497-2828 
TLX: 690-328 
FAX: (33-1 6) 078-2888 

SOUTH AMERICA 

0110 

Semiconductor Products Division 
Rockwell International 
3375 Scott Blvd., Suite 410 
Santa Clara, CA 95054 
(408) 980-1900 
TWX: 650 260-6750 

CENTRAL AMERICA/MEXICO 

0110 

Semiconductor Products Division 
Rockwell International 
4311 Jamboree Rd. 

P.O. Box C, MS 501-301 
Newport Beach, CA 92658-8902 
(714) 833-4655 
TWX: 910591-1698 


For applications assistance, price quotations or technical literature on Rockwell modem, controller and high speed telecommunication products, 
call your local Rockwell Semiconductor and Products Division sales office. 

SALES REPRESENTATIVES - UNITED STATES/CANADA 


ALABAMA 

2000 

Robert O. Whitesell & Associates 

Braham Springs Professional Village 

2227 Drake Ave., S.W., Ste. 10-F 

P.O. Box 1797 

Huntsville, AL 35807 

(205) 883-5110 

FAX: 205 882-9626 


ARKANSAS 

2026 

Norcom Inc. 

2227 S. Garnett Rd., Ste. 109A 
(Tulsa, Oklahoma 741 29) 

(918) 832-7747 
TWX: 910 845-2298 


CALIFORNIA 

2033 

Centaur Corporation 

1 8006 Skypark Circle, Ste. 1 06 

Irvine, CA 92714 

(714) 261-2123 

TWX: 910 595-2887 

FAX: (714)261-2905 

2037 

Centaur Corporation 

23901 Calabasas Rd., Ste. 1063 
Calabasas, CA 91 302 
(818) 704-1655 

2045 

Centaur Corporation 

9420 Farnham, Suite 201 A 
San Diego, CA 92123 
(619) 278-4950 
FAX: (619) 278-0649 


2060 

Criterion Sales Inc. 

3350 Scott Blvd., Bldg. #44 
Santa Clara, CA 95054-31 26 
(408) 988-6300 
FAX: (408) 986-9039 

COLORADO 

2072 

Quorum 3 

8000 E. Girard Ave., Suite 302 
Denver, CO 80231 
(303) 696-8480 
TWX: 910 997-8013 
FAX: (303) 696-8579 

CONNECTICUT 

2004 

Kitchen & Kutchin 
23 Peck Street 
North Haven, CT 06473 
(203) 239-0212 
TWX: 910 474-0011 

DELAWARE 

2003 

Beacon North 
103-F Carpenter Dr. 

(Sterling, VA 221 70) 

(703) 478-2480 

FLORIDA 

2005 

Currie, Peak & Frazier, Inc. 
7335 Lake Ellenor Dr. 

Orlando Central Park, FL 32809 
(305) 855-0843 
TWX: 810 850-0106 
FAX: (305) 855-5619 


GEORGIA 

2002 

Currie, Peak and Frazier, Inc. 
5664 Peachtree Parkway, Ste. J 
Norcross, GA 30092 
(404) 449-7662 

IDAHO 

Westerberg Associates 
(See Bellevue, Washington) 

ILLINOIS 

2006 

LTD Technologies Inc. 

81 0 Arlington Heights Rd. 
Itasca, I L 60143 
(312) 773-2900 
TWX: 33241 5 
FAX: (31 2) 773-0358 


INDIANA 

2007 

Robert O. Whitesell & Associates 
3426 Taylor St. 

Fort Wayne, IN 46804 
(219) 432-5591 
TWX: 810 332-1416 

2008 

Robert O. Whitesell & Associates 
6691 E. Washington St. 

P.O. Box 1 9904 
Indianapolis, IN 46219-0904 
(317) 359-9283 
TWX: 810 341-3320 
FAX: (317)359-2091 


2009 

Robert O. Whitesell & Associates 
1825 S. Plate, Suite A 
Kokomo, IN 46901 
(317) 457-9127 
TWX: 810 269-1917 


IOWA 

2070 

Dy-Tronix Inc. 

23 Twixt Town Rd. N.E., Ste. 201 
Cedar Rapids, lA 52402-3297 
(319)377-8275 
FAX: (319) 377-9163 


KANSAS 

2081 

Dy-Tronlx Inc. 

1999 Amidon, Suite 322 
Wichita, KS 67203-2124 
(316) 838-0884 


KENTUCKY 

2082 

Robert O. Whitesell & Associates 
313 Lagrange Rd., Suite 201 
P.O. Box 797 

Pewee Valley, KY 40056-9998 
(502)241-8977 

LOUISIANA 

Robert O. Whitesell & Associates 

(See Huntsville, Alabama) 

MAINE 

Kitchen & Kutchin, Inc. 

(See Burlington, Massachusetts) 
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SALES REPRESENTATIVES - UNITED STATES/CANADA (cont’d) 


MARYLAND 

Beacon North 

(See Sterling, Virginia) 

MASSACHUSETTS 

2012 

Kitchen & Kutchin, Inc. 
87 Cambridge St. 
Burlington, MA 01 803 
(617) 229-2660 
FAX: (61 7) 273-5895 


MICHIGAN 

2011 

R.O. Whitesell & Associates 
8332 Office Park Dr., Ste. A 
Grand Blanc, Ml 48439-2035 
(313) 695-0770 
TWX: 810 224-4939 

2013 

Robert O. Whitesell & Associates 

688 Cascade West Parkway S.E. 
Grand Rapids, Ml 49506 
(616) 942-5420 

2014 

Robert O. Whitesell & Associates 
18444 W. 10 Mile Rd. 

Southfield, Ml 48075 
(313) 559-5454 
TWX: 510 601-2458 

2015 

R.O. Whitesell & Associates 

1822 Hilltop Rd. 

St. Joseph, Ml 49085 
(616) 983-7337 


MINNESOTA 

2077 

Electronic Innovators, Inc. 

9727 Valley View Rd. 

Eden Prairie, MN 55344 
(612) 941-0830 
TWX: 499-7805 
FAX: (61 2) 941-6193 

MISSISSIPPI 

Robert O. Whitesell & Associates 

(See Huntsville, Alabama) 

MISSOURI 

2068 

Dy-Tronix Inc. 

3407 Bridgeland Drive 
Bridgeton, MO 63044 
(314) 291-4777 
FAX: (314) 291-3861 

2069 

Dy-Tronix Inc. 

8801 E. 63rd St., Ste. 108 
Raytown, MO 64133-4865 
(816)356-6340 


MONTANA 

2067 

Rockwell International 

10700 W. Higgins, Ste. 102 
(Rosemont, IL 6001 8) 

(312) 297-8862 
TWX: 910 233-0179 


NEBRASKA 

Dy-Tronix Inc. 

(See Cedar Rapids, Iowa) 
(See Bridgeton, Missouri) 

NEVADA 

Criterion Sales Inc. 

(See Santa Clara, California) 


NEW HAMPSHIRE 

Kitchen & Kutchin, Inc. 

(See Burlington, Massachusetts) 

NEW JERSEY 

2043 

PAF Associates 
508 Main St. 

Boonton, NJ 07005 
(201)335-0680 

2017 

Naudain Associates 
The Pavilions at Greentree 
Route 73, Ste. 307 
Marlton, NJ 08053 
(609) 983-5300 
FAX: (609) 596-5367 

NEW MEXICO 

2018 

Rep New Tec 

9219 Lagrima De Oro Rd., N.E. 
Albuquerque, NM 87111 
(505) 293-2582 


NEW YORK 

2048 

Ossmann Component Sales Corp. 
6666 Old Collamer Rd. 

East Syracuse, NY 13057 
(315) 437-7052 
FAX: (31 5) 437-2332 

2049 

Ossmann Component Sales Corp. 

280 Metro Park 

Rochester, NY 14623 

(716) 424-4460 

TWX: 310 493-7053 

FAX: (71 6) 427-2861 

2020 

PAF Associates 
1 20 W. Main St. 

Smithtown, Li, NY 11787 

(516)360-0940 

MCI: 6502811354 


NORTH CAROLINA 

2021 

Currie, Peak and Frazier, Inc. 
1212 Grove St. 

P.O. Box 5588 
Greensboro, NC 27403 
(919) 373-0380 


NORTH DAKOTA 
Rockwell International 
(See Rosemont, Illinois) 


OHIO 

2022 

Robert O. Whitesell & Associates 
1172 West Galbraith 
Cincinnati, OH 45231 
(513)521-2290 

2023 

Robert O. Whitesell & Associates 
6000 West Creek Rd., Suite 21 
Cleveland, OH 44131 
(216) 447-9020 
TWX: 810 427-2211 

2024 

Robert O. Whitesell & Associates 
6161 Busch Blvd., Ste. 108 
Columbus, OH 43229 
(614) 888-9396 
TWX: 801 337-2076 


2025 

Robert O. Whitesell & Associates 
4133 South Dixie Ave. 

Dayton, OH 45439 
(513) 298-9546 
TWX: 510 601-2416 


OREGON 

2079 

Westerberg Assoc., Inc. 

7165 S.W. Fir Loop 
Portland, OR 97223 
(503) 620-1931 

PENNSYLVANIA 
Naudain Associates 
(See Marlton, New Jersey) 

2028 

Robert O. Whitesell & Associates 
1 360 Old Freeport Rd., Ste. 1 -B 
Pittsburgh, PA 15238 
(412) 963-6161 


RHODE ISLAND 

Kitchen & Kutchin, Inc. 

(See Burlington, Massachusetts) 


SOUTH DAKOTA 
Rockwell International 
(See Rosemont, Illinois) 


TENNESSEE 

2029 

Robert O. Whitesell & Associates 
408 Cedar Bluff Rd., Ste. 1 45 
Knoxville, TN 37923 
(61 5) 694-9476 


TEXAS 

2031 

Norcom, Inc. 

8330 Burnet Rd., Suite 1 06 
Austin, TX 78758 
(512) 451-2757 
TWX: 910 874-1383 

2030 

Norcom, Inc. 

4450 Sigma Rd. 

Suite 1 35 
Dallas, TX 75234 
(214) 386-4888 
FAX: (21 4) 386-4907 

2032 

Norcom, Inc. 

8502 Tybor, Suite 1 1 5 
Houston, TX 77074 
(713) 778-0392 
TWX: 910 881-1056 

2080 

Norcom, Inc, 

7110 Mountain Grove 
San Antonio, TX 78250 
(512) 680-4513 


UTAH 

2073 

Quorum 3 
7427 Parkcrest Ct. 

Salt Lake City, UT84121 
(801)943-9227 


VERMONT 

Kitchen & Kutchin, Inc. 

(See Burlington, Massachusetts) 


VIRGINIA 

2034 

Beacon North, Inc. 

1 03-F Carpenter Dr. 
Sterling, VA 22170 
(703) 478-2480 
TLX: 510 600-8363 
FAX: (703) 435-7115 


WASHINGTON 

2078 

Westerberg Assoc., Inc. 

1 2505 N.E. Bel-Red Rd., Ste. 1 1 2 
Bellevue, WA 98005 
(206) 453-8881 
TWX: 910 240-1599 
FAX: (206) 453-8758 


WASHINGTON, D.C. 

2076 

Beacon North 
103-F Carpenter Dr. 
(Sterling, VA 221 70) 
(703) 478-2480 


WEST VIRGINIA 

Robert O. Whitesell & Associates 

(See Cincinnati, Ohio) 


WISCONSIN 

2058 

Larsen Associates Inc. 
10855 W. Potter Rd. 
Wauwatosa, Wl 53226 
(414) 258-0529 
FAX: (414) 258-9655 


WYOMING 

Quorum 3 

(See Denver, Colorado) 


CANADA 

2036 

Renmark Electronics Limited 

1 1 0 West Beaver Creek Road, Ste. 7 
Richmond Hill, Ontario 
Canada L4B 1 J9 
(416) 881-8844 
FAX: (416) 881-8848 

2047 

Renmark Electronics Limited 

1 445 Woodruffe Ave. 

Ottawa, Ontario 
Canada K2G 1W1 
(613)727-0320 
FAX: (613) 727-5527 


AUSTRALIA 

2046 

VSI Electronics Pty. Limited 

1 6 Dickson Ave. 

Artarmon, NSW 
2064 Australia 
(02)439-4655 
TLX: AA22846 
FAX: (02)439-6435 


BRAZIL 

2070 

Round Valley Services 
478 West 650 South 
Orem, UT 84058 
(801) 224-5773 
FAX: (801) 375-6880 


NEW ZEALAND 

2050 

VSI Electronics, (N.Z.) Ltd. 

Private Bag, Newmarket 
Auckland, New Zealand 
(9) 599150 
TLX: NZ60340 
FAX: (9) 593694 
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INDUSTRIAL DISTRIBUTORS - UNITED STATES/CANADA 

The following Distributors stock Rockwell modem, controller and high speed telecommunication products. If there is no distributor location close to 
you, call the nearest Rockwell Semiconductor Products Division sales representative. 


ALABAMA 

1000 

Hamilton/Avnet Electronics 
4940 Research Dr. N.W. 
Huntsville, AL 35805 
(205) 837-7210 
TWX: 810 726-2162 

1001 

Quality Components 
4900 University Sq., Ste. 20 
Huntsville, AL 35816 
(205) 830-1881 

1188 

Marshall Industries 

3313 Memorial Parkway South 
Huntsville, AL 35801 
(205) 881-9235 


ARIZONA 

1002 

Hamilton/Avnet Electronics 
505 So. Madison Dr. 

Tcmpe, AZ 85281 
(602) 231-5100 
TWX: 910 950-0077 

1167 

Marshall Industries 

9830 So. 51st Street 
Suite B121 
Phoenix, AZ 85044 
(602) 496-0290 


CALIFORNIA 

1157 

Zeus West Anaheim 

1 1 30 Hawk Circle 
Anaheim, CA 92807 
(714) 632-6880 

1158 

Marshall Industries 

9710 De Soto Avenue 
Chatsworth, CA 91 31 1 
(818) 407-4100 

1149 

Hamilton/Avnet 

9650 De Soto Ave. 
Chatsworth, CA 9131 1 
(818)700-6500 

1004 

Avnet Electronics 

350 McCormick 
Costa Mesa, CA 92626 
(714) 754-61 1 1 
TWX: 910 595-2638 

1005 

Hamilton Electro Sales 
3170 Pullman St. 

Costa Mesa, CA 92626 
(714) 641-4100 

1003 

Hamilton Electro Sales 
10950 Washington Blvd. 
Culver City, CA 90230 
(213) 558-2000 
(213) 558-2441 (Int’l Group) 

1159 

Marshall Industries 
9674 Telstar Avenue 
El Monte, CA91731 
(818) 459-5500 

1155 

Hamilton Electro Sales 
1361-B West 190th St. 
Gardena, CA 90248 
(213) 217-6748 

1190 

Marshall Industries 

1 Morgan Avenue 
Irvine, CA 92710 
(714) 859-5050 


1194 

Marshall Industries 

336 Los Coches St. 

Milpitas, CA 95035 
(408) 942-4600 

1196 

Hamilton/Avnet Electronics 
3002 East G. Street 
Ontario, CA91764 
(714) 989-4602 

1172 

Marshall Industries 

3039 Kilgore Avenue, #140 
Rancho Cordova, CA 95670 
(916) 635-9700 

1092 

Hamilton/Avnet Electronics 
4103 Northgate Blvd. 
Sacramento, CA 95834 
(916)925-2216 

1007 

Hamilton/Avnet Electronics 

4545 Viewridge Ave. 

San Diego, CA 92123 
(619) 571-7510 
TWX: 910 335-1216 

1173 

Marshall Industries 
10105 Carroll Canyon Rd. 

San Diego, CA 92131 
(619) 578-9600 

1174 
Zeus 

1 580 Old Oakland Rd., Ste. 205 
San Jose, CA 95131 
(408) 998-5121 

1178 

Western Microtechnology Inc. 

1 2900 Saratoga Avenue 
Saratoga, CA 95070 
(408) 725-1660 
FAX: (408) 255-6491 
TWX: 910 338-0013 

1008 

Hamilton/Avnet Electronics 

1 1 75 Bordeaux Dr. 

Sunnyvale, CA 94086 
(408) 743-3355 
TWX: 91 0 339-9332 

1152 

Image Electronics 
1342 Bell Ave. 

Tustin, CA 92680 
(714) 259-0900 


COLORADO 

1185 

Marshall Industries 
12351 N. Grant 
Thornton, CO 80241 
(303) 451-8444 
FAX: (303) 457-2899 

1009 

Hamilton/Avnet Electronics 
8765 E. Orchard Rd., Ste. 708 
Englewood, CO 801 1 1 
(303) 740-1000 
TWX: 910 935-0787 


CONNECTICUT 

1011 

Hamilton/Avnet Electronics 
Commerce Industrial Park 
Commerce Dr. 

Danbury, CT 06810 
(203) 797-2800 
TWX: 71 0 456-9974 

1012 

J.V. Electronics 

690 Main St. 

East Haven, CT 0651 2 
(203) 469-2321 


1182 

Marshall Industries 
20 Sterling Dr. 

Barnes Ind. Park, N. 
Post Office Box 200 
Wallingford, CT 06492 
(203) 265-3822 

1008 

Almo Electronics 
31 Village Street 
Wallingford, CT 06492 
(203) 269-6801 


FLORIDA 

1013 

Hamilton/Avnet Electronics 
6801 N.W. 15th Way 
Fort Lauderdale, FL 33309 
(305) 971-2900 
TWX: 510 956-3097 

1186 

Marshall Industries 

2700 W. Cypress Creek 
Suite C106 

Ft. Lauderdale, FL 33309 
(305) 977-4880 

Reptron 

3320 N.W. 53rd Street 
Ft. Lauderdale, FL 33309 
(305) 735-1112 
FAX: (305) 735-1121 

1165 

Marshall Industries 
4205 34th Street, S.W. 
Orlando, FL 3281 1 
(305) 841-1878 

1066 

Zeus 

1750 West Broadway 
Suite 114 
Ovievo, FL 32765 
(305) 365-3000 

1014 

Hamilton/Avnet Electronics 
3197 Tech Dr. North 
St. Petersburg, FL 33702 
(813) 229-7010 
TWX: 810 863-0374 

1018 

Marshall Industries 
2840 Scherer Dr. 

Suite 410 

St. Petersburg, FL 33702 
(813) 576-1399 

1019 

Reptron 

14501 McCormick Dr. 

Tampa, FL 33625 
(813) 855-4656 

1146 

Hamilton/Avnet Electronics 
6947 University Blvd. 

Winter Park, FL 32792 
(305) 628-3888 

Quality Components 
(800) 241-0037 


GEORGIA 

1015 

Hamilton/Avnet Electronics 
5825D Peachtree Corner E. 
Norcross, GA 30092 
(404) 447-7500 
TWX: 810 776-0432 

1176 

Marshall Industries 
4350-J International Blvd. 
Norcross, GA 30093 
(404) 923-5750 
FAX: (404) 923-2743 


1174 

Quality Components 
6145 Northbelt Pkwy., Ste. B 
Norcross, GA 30071 
(404) 449-9508 
FAX: (404) 449-0275 

ILLINOIS 

1016 

Advent Electronics 
71 10-16 N. Lyndon St. 
Rosemont, IL 60018 
(312) 298-4210 

1017 

Hamilton/Avnet Electronics 
1 1 30 Thorndale Ave. 
Bensenville, IL 60106 
(312)860-8522 
TWX: 910 227-0060 

1180 

Marshall Industries 

1261 Wiley Road, #F 
Schaumburg, IL 60195 
(312)490-0155 


INDIANA 

1036 

Hamilton/Avnet Electronics 
485 Gradle Dr. 

Carmel, IN 46032 
(317) 844-9333 
TWX: 810 260-3966 

1035 

Advent Electronics 

8446 Moller Rd. 

Indianapolis, IN 46268 
(317) 872-4910 

1189 

Marshall Industries 

6990 Corporate Dr. 
Indianapolis, IN 46278 
(317) 297-0483 


IOWA 

1086 

Advent Electronics 
682 58th Ave. Ct. S.W. 
Cedar Rapids, lA 52404 
(319) 363-0221 

1085 

Hamilton/Avnet 
915 33 rd Ave., S.W. 
Cedar Rapids, lA 52404 
(319) 362-4757 


KANSAS 

1191 

Marshall Industries 

8321 Melrose Dr. 

Lenexa, KS 66214 
(913) 492-3121 

1037 

Hamilton/Avnet Electronics 
9219 Quivira Rd. 

Overland, KS 66215 
(913) 888-8900 
TWX: 910 743-0005 


MARYLAND 

1039 

Hamilton/Avnet Electronics 
6822 Oak Hall Ln. 

Columbia, MD 21045 
(301) 995-3550 
TWX: 710 862-1861 

1040 
Zeus 

8930A Rt. 108 
Columbia, MD 20145 
(301)997-11 18 
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1161 

Marshall Industries 

8445 Helgerman Ct. 
Gaithersburg, MD 20877 
(301)840-9450 

1075 

Almo Electronics Corp. 
8502 Dakota Dr. 
Gaithersburg, MD 20877 
(301)670-0090 


MASSACHUSETTS 

1109 

Aimo Electronics 
60 Shawmut Rd. 

Canton, MA 02021 -1410 
(617)821-1420 

Zeus 

420 Marrett Road 
Lexington, MA 02173 
(617) 863-8800 

1115 

Hamiiton/Avnet 
10-D Centennial Dr. 
Peabody, MA 01 960 
(617) 531-7430 

1084 

Future Eiectronics 
133 Flanders Rd. 
Westboro, MA01581 
(617) 366-2400 

1116 

Marshall Industries 

33 Upton Dr. 

Wilmington, MA01887 
(617) 658-0810 


MICHIGAN 

1043 

Advent Electronics 

24713 CrestviewCt. 
Farmington Hills, Ml 4801 8 

(313) 477-1650 

1077 

Hamilton/Avnet Electronics 
2215 29th St., S.E. A-5 
Grand Rapids, Ml 49508 
(616) 243-8805 
TWX: 810 273-6921 

1044 

Hamilton/Avnet Electronics 
32487 Schoolcraft Rd. 
Livonia, Ml 48150 
(313)522-4700 
TWX: 810 242-8775 

1162 

Marshall Industries 

31067 Schoolcraft 
Livonia, Ml 48150 
(313)525-5850 

1021 

Reptron 

34403 Glendale Rd. 

Post Office Box 2768 
Livonia, Ml 48150 
(313) 525-2700 


MINNESOTA 

1127 

Voyager Electronics Corp. 

7163 Commerce Circle West 
Fridley, MN 55432 
(612) 571-7766 

1047 

Hamilton/Avnet Electronics 
10300 Bren Rd. E. 
Minnetonka, MN 55343 
(612) 932-0600 
TWX: 910 576-2720 

1163 

Marshall Industries 
3800 Annapolis Ln. 

Plymouth, MN 55441 
(612) 559-2211 


MISSOURI 

1048 

Hamilton/Avnet Electronics 
13743 Shoreline Ct. 

Earth City, MO 63045 

(314) 344-1200 
TWX: 910 762-0684 


NEW HAMPSHIRE 

1049 

Hamilton/Avnet Electronics 
444 E. Industrial Park Dr. 
Manchester, NH 03103 
(603) 624-9400 

NEW JERSEY 

1156 

Pan American Electronics Inc. 

59 Main Street 
Bloomingdale, NH 07403 
(201)839-0077 

1020 

Hamilton/Avnet Electronics 
1 Keystone Ave., Bldg. 36 
Cherry Hill, NJ 08003 
(609) 424-0110 
TWX: 710 940-0262 

1078 

Hamilton/Avnet Electronics 
10 Industrial Rd. 

Fairfield, NJ 07006 
(201)575-3390 
TWX: 710 734-4388 

1164 

Marshall Industries 

101 Fairfield Rd. 

Fairfield, NJ 07006 
(201)882-0320 

1166 

Marshall Industries 

158 Gaither Dr. 

Mt. Laurel, NJ 08054 
(609) 234-9100 

1126 

General Components Inc. 
245-D Clifton Ave. 

West Berlin, NJ 08091 
(609) 768-6767 


NEW MEXICO 

1022 

Hamilton/Avnet Electronics 
2524 Baylor Dr. S.E. 
Albuquerque, NM 87106 
(505) 765-1500 
TWX: 910 989-0614 


NEW YORK 

1114 

Semispecialists of America 

105 Baylis Road 
Melville, NY 11747 
(516)293-2710 
FAX: (51 6) 293-2707 

1025 

Hamilton/Avnet Electronics 
933 Motor Parkvray 
Hauppauge, LI, NY 11787 
(516)231-9800 
TWX: 510 224-6166 

1192 

Marshall Industries 

275 Oser Ave. 

Hauppauge, LI, NY 11788 
(516) 273-2424 

1193 

Marshall Industries 
129 Brown St. 

Johnson City, NY 13790 
(607) 798-1611 


1024 

Hamilton/Avnet Electronics 

333 Metro Park 
Rochester, NY 14623 
(716) 475-9140 
TWX: 510 253-5470 

1022 

Future Electronics 
7453 Morgan 
Liverpool, NY 13088 

(315) 451-2371 

1021 

Zeus 

100 Midland Avenue 
Port Chester. NY 1 0573 
(914) 937-7400 
FAX: (91 4) 937-2553 

1171 

Marshall Industries 
1280 Scottsville Rd. 
Rochester, NY 14624 
(716) 235-7620 

1023 

Hamilton/Avnet Electronics 
103 Twin Oaks Dr. 

Syracuse, NY 13206 
(315) 437-2641 


NORTH CAROLINA 

1027 

Hamilton/Avnet Electronics 
3510 Spring Forest Rd. 
Raleigh, NC 27604 
(919) 878-0810 
TWX: 510 928-1836 

1170 

Marshall Industries 
5221 North Blvd. 

Raleigh, NC 27604 
(919) 878-9882 

1173 

Quality Components 
2940-1 5 Trawick Rd. 

Raleigh, NC 27604 
(919) 876-7767 


OHIO 

1028 

Hamiiton/Avnet Electronics 
4588 Emery Industrial Parkway 
Cleveland, OH 44128 
(216) 831-3500 
TWX: 81 0 427-9452 

1029 

Hamilton/Avnet Electronics 
954 Senate Dr. 

P.O. Box 610 
Dayton, OH 45459 
(513) 439-6700 
TWX: 810 450-2531 

1184 

Marshall Industries 
6212 Executive Blvd. 

Dayton, OH 45424 
(513) 236-8088 

1181 

Marshall Industries 
30700 Bainbridge Rd. 

Unit A 

Solon, OH 44139 
(216) 248-1788 

1133 

Hamilton/Avnet Electronics 
777 Brooksedge Blvd. 
Westerville, OH 43081 
(614)882-7004 


OKLAHOMA 

1117 

Hamilton/Avnet Electronics 
12121 E. 51st Street 
Suite. 102A 
Tulsa, OK 741 46 
(918) 252-7297 


1113 

Quality Components, Inc. 

31 58 So. 1 08th East Avenue 
Suite 274 
Tulsa, OK 74146 
(918)664-8812 


OREGON 

1150 

Western Micro Technology Inc. 
13770 S.W. 24th 
Beaverton, OR 97005 
(503) 629-2082 

1169 

Marshall Industries 
8333 S.W. Cirrus Drive 
Beaverton, OR 97005 
(503) 644-5050 

1032 

Hamilton/Avnet Electronics 
6024 S.W. Jean Rd. 

Bldg. C, Suite 10 
Lake Oswego, OR 97034 
(503) 635-8157 
TWX: 91 0 455-81 79 


PENNSYLVANIA 

1034 

Almo Electronics 
981 5 Roosevelt Blvd. 
Philadelphia, PA 191 14 
(215)698-4000 

1037 

Hamilton/Avnet 

2800 Liberty Ave., Bldg. E 
Pittsburgh, PA 15222 
(412)281-4150 

1168 

Marshall Industries 

701 Alpha Drive 
Suite 240 

Pittsburgh, PA 15238 
(412)963-0441 


TEXAS 

1110 

Quality Components, Inc. 

4257 Kellway Circle 
Addison, TX 75001 
(214) 733-4300 
TWX: 910 860-5459 

1050 

Hamilton/Avnet Electronics 
1807-A W. BrakerLane 
Austin, TX 78758 
(512) 837-8911 
TWX: 910 874-1319 

1177 

Marshall Industries 
8504 Cross Park Dr. 

Austin, TX 78754 
(512) 837-1991 

1112 

Quality Components, Inc. 
2120-M Baker Ln. 

Austin, TX 78758 
(512) 835-0220 
TLX: 324930 

1183 

Marshall Industries 
2045 Chenault 
Carrollton, TX 75006 
(214) 233-5200 

1187 

Marshall Industries 

7250 Langtry 
Houston. TX 77040 
(713) 895-9200 

1052 

Hamilton/Avnet Electronics 
2111 W. Walnut Hill Ln. 

Irving (Dallas), TX 75062 
(214) 550-7755 
TWX: 910 860-5929 
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1051 

Zeus 

1 800 N. Glenville Dr. 

Suite 120 

Richardson, TX 75081 
(214) 783-7010 

1053 

Hamilton/Avnet Electronic 
4850 Wright Rd. 

Stafford, TX 77477 
(713) 240-7898 

1111 

Quality Components, Inc. 
1005 Industrial Blvd. 
Sugarland,TX 77478 
(713) 240-2255 


UTAH 

1059 

Hamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City, UT841 19 
(801) 972-2800 
TWX: 910 925-4017 

1058 

Marshall Industries 
466 Lawndale Dr., Ste. C 
Salt Lake City, UT84115 
(801)485-1551 


WASHINGTON 

1060 

Hamilton/Avnet Electronics 
14212 N.E. 21st St 
Bellevue, WA 98007 
(206) 643-3950 
TWX: 910 443-2469 

1175 

Marshall Industries 
14102 N.E. 21st Street 
Bellevue, WA 98007 
(206) 747-9100 

1149 

Western Micro Technology Inc. 

14636 N.E. 95th Street 
Redmond, WA 98052 
(206) 881-6737 


WISCONSIN 

1061 

Hamilton/Avnet Electronics 

2975 Marriand Rd. 

New Berlin, Wl 53151 
(414) 784-4510 
TWX; 910 262-1182 

1062 

Marshall Industries 
235 N. Executive Dr., #305 
Brookfield, Wl 53005 
(414)797-8400 
(800) 472-2420 


CANADA 

1091 

Hamilton/Avnet Electronics 
2816 21st St. N.E. 

Calgary, Alberta 
Canada T2E6Z2 
(403) 250-3586 
TWX: 03-827642 

1092 

ITT Multicomponents 
11680 170 St. 

Edmonton, Alberta 
Canada T5S 1J7 
(403)451-4001 

1093 

ITT Multicomponents 

3455 Gardner Court 
Burnaby, British Columbia 
Vancouver, Canada V5G 4J7 
(604) 291-8866 
TLW: 04-356533 

1072 

Future Electronics, Inc. 

1 695 Boundary Rd. 
Vancouver, British Columbia 
Canada V5K 4X7 
(604) 294-1166 
TLX: 04-354744 
FAX: (604) 294-1206 


1073 

ITT Multicomponents 
760 Century St. 

Winnipeg, Manitoba 
Canada R3H 0M1 
(204) 786-8401 

1074 

ITT Multicomponents 
15 Mount Royal Blvd. 

P.O. Box 821 

Moncton, New Brunswick 
Canada E1C 8N6 
(506) 857-8001 

1075 

ITT Multicomponents 
#103-1 1 Morris Dr. 

Burnside Industrial Park 
Dartmouth, Nova Scotia 
Canada B3B 1 M2 
(902) 465-2350 

1076 

ITT Multicomponents 
300 N. Rivermede Rd. 
Concord, Ontario 
Canada L4K 2Z4 
(416) 736-1144 
TLX: 06-964814 
FAX: (416) 736-4831 

1081 

Future Electronics Inc. 

82 Saint Regis Crescent North 
Downsview, Ontario 
Canada M3J 1Z3 
(416) 638-4771 
TWX: 610 491-1470 
FAX: (416) 638-2936 

1063 

Hamilton/Avnet Electronics 
6845 Rexwood Rd., Units 3-5 
Mississauga, Ontario 
Canada L4V 1 R2 
(416) 677-7432 

1064 

Hamilton/Avnet Electronics 
1 90 Colonnade Rd. 

Nepean, Ontario 
Canada K2E 7J5 
(613)226-1700 
TWX: 053-4971 


1070 

Future Electronics Inc. 

Baxter Center 
1 050 Baxter Rd. 

Ottawa, Ontario 
Canada K2C3P2 
(613) 820-8313 
TWX: 610 563-1697 
FAX: (613) 820-3271 

1080 

Future Electronics Inc. 

237 Hymus Blvd. 

Pointe Claire, Quebec 
Canada H9R5C7 
(514)694-7710 
FAX: (514) 695-3707 
TLX: 05-823554 

1065 

Hamilton/Avnet Electronics 
2795 Halpern 
St. Laurent 
Montreal, Quebec 
Canada H4S 1 P8 
(514) 335-1000 

1067 

ITT Multicomponents 

2295 Halpern St. 

Ville St. Laurent, Quebec 
Canada H4S 1S3 
(514) 335-7697 
TLX: 05-824138 
FAX: (514) 335-9330 

1068 

ITT Multicomponents 

3521 8th Street E., #209 
Saskatoon, Saskatchewan 
Canada S7H 0N5 
(306) 933-2888 


A-5 



ROCKWELL SEfVIICONDUCTOR PRODUCTS SALES OFFICES - INTERNATIONAL 


You can obtain expert applications assistance, price quotations and delivery data from the Distributors and Sales Representatives listed belowfor Rockwell 
semiconductor and telecommunication products. If there is no Rockwell distributor convenient to your country, please consider Hamilton/Avnet 
International listed below. 


AFRICA 

South Continental Devices 
(Pty)Ltd. 

P.O. Box 56420 
Pinegowkig 21 23, South Africa 


AUSTRIA 

0226 

W. MoorGESMBH 

Storchengasse 1/1/1 
A-1 150 Wien 
Austria 

43 (222) 858-646 

TLX: 047-135701 moor a 

FAX: (43-222) 615 537 151 

BELGIUM 

0272 

Microtron 

Generaal Dewittelaan 7, 
2800 Mechelen 
Belgium 

TLX: 846-22606 mitron b 


BRAZIL 

Round Valley Services 

R. Vitorino Carmilo, 672 

CEP 01153-BarrafundaSP 

(011)825-3111 

TLX: (011) 53612 

Phone U.S.A.: (801) 224-5773 


DENMARK 

0244 

Micronor APS 

Torvet 1 

8600 Silkeborg 

Denmark 

(45-6)816522 

TLX: 63245 MICRONOR DK 


FINLAND 

0252 

Satt Electronics 

oy Hitsaajakatu 8, 

P.O. Box 68 
00811, Helsinki 
Finland 

(358) 0-7555133 
TLX: 124870 ELDYN SF 


FRANCE 

0222 

System Contact 

88, Avenue du General de Gaulle 

67200 Eckbolsheim 

France 

Phone: (33-88) 782089 
(33) 88782089 
TLX: 890266 SYSCO 

0259 

ERN 

237 rue de Fourny 
78530 BUG France 
(33-1)3956-0011 
TLX: 698627 ERN BUG 


HOLLAND 

2087 

Alcorn Electronics BV 
Esse Baan 1 
Postbus 358, 2908 AJ 
Capelle A/D Ijssel 
Holland 

(31-10) 4519-533 
TLX: 26 160 


INDIA 

4066 

Semiconductor Complex Limited 
Phase VIII, S.A.S. NAGAR-1 60059 
Punjab, India 
87265, 87809, 87685 
TLX: 395270 LSI 


ISRAEL 

0255 

Bynet Data Communications 

8-Hanechoshet St. 

Ramat-Hachayal 

Tel-Aviv 697 1 0, Israel 

TLX: 342132 

FAX: (972) 3-475933 


ITALY 

0260 

Murata Elettronica 
Via Melchiorre Gioia, 66 
T-201 25 Milano, Italy 
(39-2) 607-3786 
(39-2) 688-4833 
TWX: 330385 


NORWAY 

0271 

Satt Electronics 
O.H. Bangs Vei 17 
Postboks 70 
1322 Hovik, Norway 
(47-02) 123 600 
TLX: 72559 SATT N 


SPAIN 

0239 

Comelta SA. 

Emilio Munoz 41 

ESC 1 , Planta 1 , Nave 1-1-2 

Madrid 17, Spain 

(34-1)754-3001 

TLX: 42007 CETA E 

FAX: (341)754-2151 


SWEDEN 

Betoma Component AB 

Box 3005 

Dalvaegen 12 

17128 Solna, Sweden 

(46-8) 734-8300 

TLX: 8126331 BETOMA S 


SWITZERLAND 

0227 

Aumann & Co. AG 
Foerrlibuckstr. 150 
CH-8037 Zurich 
Switzerland 
(41-1)443-300 
TLX: 822 966 


UNITED KINGDOM 

0258 

R.C.S. Microsystems Ltd. 

The Kings Arms 
141 Uxbridge Rd. 

Hampton Hill, Middlesex 
RW12 1BL, England 
(01)979-2204 
TLX: 8951470 RCS MIC 

0280 

Abacus Electronics PLC 

Abacus House 
Bone Lane, Newbury 
Berkshire, RG14 5SF, England 
(0635) 30680 
TLX: 849343 


WEST GERMANY 

0250 

Bitronic GmBH 
Dingolfingerstr. 6 
D-8000 Muenchen 80, Germany 
(49-89) 41 8007-0 
TLX: 5212931 bit d 

0245 

Unitronic GmBH 
Munsterstr. 338 
P.O. Box 330 429 
4000 Dusseldorf 30 
W. Germany 
(49-211)626364-67 
TLX: 8586434 unid d 

0237 

Astronic GmBH 
Winzererstr. 47d. 

8000 Munchen 40 
Munich, West Germany 
(49-89) 309031 
TLX: 5216187astrd 


AUSTRALIA/NEW ZEALAND 

4054 

VSI Electronics 
(Australia) Pty. Ltd. 

16 Dickson Avenue 
Artarmon, NSW 2064 Australia 
FAX: (02) 439-6435 
TLX: AA-22846 

VSI Electronics Pty. Ltd. 

P.O. Box 578 
Crows Nest, NSW 2065 
Artarmon, Australia 
(02) 439-4655 
FAX: (02) 439-4655 
TLX; AA-22846 

HONG KONG 

2086 

Tekeomp Electronics Ltd. 

1702 Bank Centre 
636 Nathan Rd. 

Kowioon, Hong Kong 
(852-3) 880629 
TLX: 38513 TEKHL 
FAX: (852) 123-40746 

JAPAN 

0268 

KS Semiconductor, Inc. 

3-6-31-1 F Osaki Shinasgawaku 
T1 41 Tokyo, Japan 
(81-3) 490-0762 
TLX: 2466528 AIS-J 
FAX: (81-3) 495-5565 

0269 

Kanematsu Semiconductor Corp. 
6-1 Shintomi 1 chome 
Chuo-Ku, Tokyo 1 04, Japan 
(81-3) 551-7791 
TLX: 252 3798 KSC J 

0203 

Kyokuto Boeki Kaisha, Ltd. 

7th Floor, New Otemachi Bldg. 

1 -1 , 2-chome, Otemachi, Chiyoda-ku 

Tokyo, Japan 

(81-3)244-3803 

TLX: J22440 

FAX: (81-3) 246-1846 

0204 

Kyokuto Boeki Kaisha, Ltd. 

Rm. 606 

Mainichi Osaka Kaikan Kitakan 
6-16 Dojima 1 -chome, Kita-ku 
Osaka, Japan 
(06)344-1121 

TLX: c/o KBK’s Tokyo Office 


0266 

Marubeni-Hytech Co. Ltd. 

1-1, Higashi Ikebukuro 

3 Chome, Toshimaku 

Tokyo, Japan 

(81-3) 989-7813 

TLX; NTT 2722648 HYTEC J 

0206 

Matsushita Electric Trading Co. 
P.O. Box 18 

Trade Center, 32nd Floor 
World Trade Center Bldg. 

4-1 Hamamatsu-cho 2-chome 

Minato-ku 

Tokyo 105, Japan 

(81-3) 435-4552 

TLX: 522-8771 METOSK J 

0207 

Matsushita Electric Trading Co. 

Twin 21 National Tower, 32nd. Fir. 

1-61, Shiromi 2-chome 

Higashi-ku 

Osaka 541, Japan 

(06) 946-4841 

TLX: 522-8771 METOSKJ 


KOREA 

0242 

Unistandard Corp. 
757-1 Bang Bae-Dong 
Kang-Nam Ku 
Seoul, Korea 
TLX: K22116“UNIST” 
(82-2) 532-6815 


SINGAPORE 

0262 

Dynamar International Ltd. 

12, Lorong Bakar Batu 
Kolam Ayer, Suite 05-1 1 
Singapore RE 1334 
74 76 188 
TLX; 26283 


TAIWAN 

0213 

Sertek International Inc. 

3-9, 11-12 Fir. 

135-137 Sec. 2 Chien Kuo N. Road 
Taipei, 1 0479 Taiwan, ROC 
(86-2) 501-0055 
TLX; 13579 
FAX: 025012521 


THAILAND 

0263 

Loxley (Bangkok) Ltd. 
GPO Box 214 #304 
Suapah Road 
Bangkok, 10501 
Thailand 
221-6121-30 
221-9156-60 
223-9066-8 

TLX: LOXLEY TH81 188 


OTHER COUNTRIES 

1006 

Hamilton/Avnet Electronics 
International Group 

10950 Washington Blvd. 
Culver City, CA 90230 
(213) 558-2441 
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